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QttPuyrlitcuuj tlte 'jpi'Mkte 

Sleekness is the keynote for the Navy's newest jet- 
propelled shipboard fighter, the Chance Vought XF6U 
Pirate, now being readied for service with the fleet. 
Another Vought product, the revolutionary structural 
material, Metalite, makes possible mirror-smooth skin 
surface and lighter weight to boost the Pirate to the 
"well over 500-m.p.h." class and provides the extra 
sturdiness required by near-sonic speeds. 
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Vanes and B/ades 


Jet propulsion, turbine designs and supercharging call for a 
wide variety of many-bladed wheels to pack air and power into 
modern aircraft engines. Such wheels are manufactured to ex- 
tremely close tolerances and must withstand severe heat and 
centrifugal strains. Building them is a new, highly specialized 
metallurgical and engineering science. 

We have the equipment for forming and machining the 
complex contours of such wheels, and our engineers know how 
to design them for highest operating efficiency. 
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EDITORIAL 


Curb Crashes Now— Or Else 


I N ADDITION to its economic problems, air 
transportation is in the midst of a wave of 
crashes which could easily destroy the public 
acceptance gained by nearly two decades of hard 
work and brilliant achievement. No expenditure of 
time, money, or effort is too great to end this epi- 
demic at once. 

There is no time for long, drawn out investiga- 
tions, blame fixing, buck passing, explanations, 
excuses, or any of the familiar procedures. The 
carnage simply must be stopped, and quick. 

When you are sitting up there in the soup, with 
fuel running low and fields closing in like clams, it 
doesn’t matter whether ILS is better than GCA 
in the opinion of some expert sitting comfortably 
on the ground. It doesn’t matter whether the rule 
book says you should try Philadelphia, New York, 
Hartford, or Boston, if you can’t get into Wash- 
ington. And there isn’t time to change the temper- 
ament of the pilot who would rather risk 50 odd 
necks including his own than be saved by lower 
paid personnel on the ground. 

It is quite true that all of the recent crashes 
could not have been avoided by more effective land- 
ing aids. Neither were they all chargeable to 
scheduled air transport. But the customer makes 
little distinction in such matter's. And the victims 
are none the less dead. 

It is also true that Army or Navy GCA facili- 


ties were available to many of the planes in recent 
trouble and are constantly available along the 
North Atlantic seaboard and in other places. It 
is also within the pilots province to declare an 
emergency and act accordingly. 

There is no time to wait for future landing aids 
which may or may not be satisfactory to all con- 
cerned. There is no time to wait even for the exper- 
imental GCA installations now being made in the 
East. Unless there is a much better reason than 
is now apparent, all pilots should be checked out 
on GCA immediately and instructed to use it when 
necessary. In addition quick steps should be taken 
to clean up the looseness in operating procedure 
which has been creeping into the control of many 
scheduled, non-scheduled, and private aircraft. 

These steps must be taken regardless of who is 
hui't. Human lives and the future of an industry 
are at stake. 

Regardless of who is to blame, the airlines are 
faced with the problem of regaining lost public 
confidence against the opposition of older and more 
experienced interests. They cannot win this battle 
by the bathing beauty type of publicity effort. 
First they must get their houses in order to be 
deserving of public support. Then they must tell 
the world about it — and keep on telling their 
story in a solid, long term program of superior 
public education. 


From Service Merger— To Air Policy 


T HE PROPOSED MERGER of the armed 
services is a matter of great importance to 
all segments of the aviation industry. The 
task of coordinating the services will lie heavily 
upon the shoulders of the reorganized Congres- 
sional committees. Most encouraging is the desire 
of the Armed Forces Committee to key military 
policy to foreign policy. In this approach we may, 
at last, find the means for establishment of a 
national air power policy. 

If an aviation subcommittee is included in the 
Appropriations Committee, the whole matter of 
air power expenditures can be studied soundly. It 
should arrive at the realization that the cost of 
maintaining our armed forces is earned by com- 
merce and industry. At the same time, the armed 
forces exist to support free commerce and indus- 


try. And these expenditures also contribute to the 
strength of our national economy. 

The armed forces themselves appear to be 
thinking of their future organization in terms of 
missions instead of weapons. This clarifies the 
role of aircraft in the air forces and in the land and 
sea forces. Aircraft are not weapons but vehicles 
for fast transportation of all weapons. 

It is the duty of the Congress to appraise these 
new principles carefully. The industry should 
watch these developments closely and be ready to 
contribute all possible assistance to our ‘legisla- 
tors in this important work. 

* EDITOR 


AVIATION, February, 1947 



Only a DANGEROUSLY rapid temperature rise 
can make Edison Thermocouples signal "FIRE" 



why the EDISON 
aircraft fire 
detection system 

CAN’T FALSE ALARM 



'-pHE EDISON AIRCRAFT Fire Detection System can't false alarm. 

Its series-connected thermocouple detectors signal "fire” only 
when there is a DANGEROUSLY rapid rise over and above the ex- 
isting operating temperature in the engine nacelle. A loose wire 
in the detector circuit merely renders the system inoperative . . . 
that is, "it fails safe.” You can’t have detector contact chatter, due 
to vibration or any other cause . . . thermocouples have no mov- 
ing contacts or other moving parts. 

When a fire is out and conditions return to normal, these de- 
tectors signal "FIRE OUT” and are again ready to signal "FIRE” 
rapidly and truthfully, without need for replacement, re-calibra- 
tion, or manual re-set. Edison detectors are rugged, simple; cre- 
ate no fire hazard; require no battery current; have no moving 
parts in the fire zones; and both wiring and operation can be 
checked with the push of a button. 

Write for descriptive literature on the design and operation of 
Edison Aircraft Fire Detection System that can’t false alarm. It’s 
standard equipment on scheduled airlines. Address Instrument 
Division, Thomas A. Edison, Incorporated, 4 Lakeside Avenue, 
West Orange, New Jersey. 


EDISON 

AIRCRAFT SYSTEMS AND INSTRUMENTATION 

THERMOMETERS ■ PRESSURE GAGES 
ENGINE GAGES • FIRE DETECTION SYSTEMS 
LIQUID QUANTITY GAGING SYSTEMS 
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The Kollsman Direction Indicator 
...the compass that works with you! 


The Kollsman Direction Indicator — widely used in private 
planes and in an increasing number of scheduled airline opera- 
tions — is regarded by many pilots as one of the greatest aids 
to the ease, enjoyment and safety of cross-country flying. 

The 360° compass rose dial is similar in appearance to the 
rose on all aviation charts. With the compass pointer continu- 
ally showing the course being flown and the auxiliary "memo" 
pointer set to the course desired, you are given a continuous 
"picture" of your flight. 

The performance of the direct-reading Kollsman Direction 
Indicator is another big reason for its popularity. The pointer 
moves quickly to a new heading and remains "steady," without 


oscillation or appreciable ovcrswing — the result of a unique 
vane dampener construction which is a special feature of this 
Kollsman unit. 

To the more advanced pilot the Direction Indicator offers 
special advantages. For "approach procedures," for instance, 
the relationship between other headings and the runway desig- 
nated for landing is instantly apparent. "Reciprocal" headings 
and relationship to other beams can be quickly seen and the 
possibility of error greatly reduced. 

For an illustrated folder giving complete details, write 
Kollsman Instrument Division, Square D Company, 80-08 
45th Avenue. Elmhurst, New York. 


K0LL5MRN HIRCRRFT INSTRUMENTS 



PRODUCT OF 

MS 

SQUARE D COMPANY 
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Another dramatic chapter in the fast-moving 
history of aviation has begun. Headed "R-l”, 
it starts with the issuance of the first C.A.A. 
"Approved Type Certificate” for an aircraft 
rocket motor to the Aerojet Jato motor. 
This recognition by C.A.A. is a logical se- 


Airline operators can now take immediate 
advantage of exclusive Aerojet benefits: 

Bigger fuel reserve against advene 
flying conditions 
Reduced engine overhauls 

Aerojet will be glad to answer questions 

gaugatgfltfft 


quel to the stirring chapter covering the 
fighting history of the Aerojet Jato in 
World War II. 

Certification by C.A.A., following a long 
period of exhaustive tests and inquiry, 
means that the Aerojet Jato may be used 
on any licensed aircraft, including those 
flown for scheduled passenger operation. 
Approval also sanctions Aerojet-designed 
installations for mounting the rocket mo- 
tors on DC-3 and DC-4 type aircraft. 

production of various '>'Pj s °f propulsion units. 



SUBSIDIARY OF THE GENERAL TIRE A RUBBER CO. 
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IEAB RADIO 
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panel. It weighs only 15 pounds including every- 
thing. Yet the Lear PXer is a dependable, 
far-reaching radio transmitter-receiver that 
spells peace of mind for the light-plane user. 

It means that the private pilot can keep in 
contact with the fields — know what weather’s 
ahead - follow the beams, check the ranges - 
and fly across country with all the confidence 
and safety of a transport pilot. 

For 17 years Lear Radios have held an enviable 
reputation for outstanding dependability. They are 
flying everywhere - from Alaska to South 
America. And Lear specialists in installation and 
service arc strategically located so that skilled 

This is why you’R want a Lear PXer in your 
personal plane. Read over the facts in the 
pane] — or write for further information. 

LEAR, Incorporated, Aviation Radio Sales, 

110 Ionia Avenue, N.W., Grand Rapids 2, Michigan. 


Order from any aviation dealer - or specify Lear 
Radio when you order your new personal airplane. 
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ARE NOW 


shape. Thai shape 


have made it possible 
many new and useful shapes 


3 special grade of material are heated 
wooden dies and stamped to the required 
s retained for the life of the material. 


This has made the adaption of the material possible to many new uses. 
Perhaps it would serve better some purpose that you are now taking care 
of with metal. 


THE FORMICA INSULATION CO., 4628 SPRING GROVE AVE., CINCINNATI 32, OHIO 
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UTICA Pliers and Adjust- 
able Wrenches are precision 
made for ease of handling 

and longer life more tool 

mileage. . . New equipment 
and methods, developed 
during the war . . . make 
UTICA tools better than 
ever. Sold through recog- 


nized jobbers. .4- 



Roller chain is alloy steel. Load hook 

bearings. Control is by means of single 
grip bar. A new feature is that it can 
be operated in an inverted position 



when used in connection with high sus- 
pension points. Instead of carrying 
hoist to suspension point, cable is run 
out desired length, hoist turned upside 
down, and load hung directly on hook 
on hoist body. Weight of 1-ton size is 
87 lb. 


"One-Side" Thickness Gage 9 

Incorporating a crystal type gage 
head, powered by a frequency modu- 
lated electronic oscillator, "Audigage" 
is new portable, self-contained instru- 
ment designed by Branson Instruments. 
Inc., Danbury, Conn., to measure, from 
one side only, thickness of materials, 
including steel, aluminum, brass, cop- 
per, and glass. When vibrating crystal 
is applied to a wall surface, mechanical 
resonance of wall thickness can be pro- 
duced directly below crystal. Funda- 
mental frequency at which wall section 
will resonate is directly proportional to 



velocity of sound in material and in- 
versely proportional to thickness. Wall 
thickness will also resonate at all har- 
monics of fundamental frequency. Unit 
provides means whereby audible signals 


are produced corresponding to harmonic 
resonance. Frequency difference be- 
tween any two adjacent audible signals 
as read oil tuning dial is readily con- 
verted into wall thickness on concentric 
thickness scale. Unit covers range from 


Snow Plow Attachments 10 

Available for Caterpillar Diesel No. 
212 motor grader, as well as two larger 
sizes of motor graders, new snow re- 
moval attachments, such as V-type 
snow plow, mast-type snow wing, and 
reversible one-way plow and bull- 
dozer, are announced by Caterpillar 
Tractor Co., Peoria, 111. Snow wing and 
bulldozer are new to No. 212 grader. Im- 
provement in operation of mast-type 
snow wing is stated to be now effected 
in all sizes, with modifications to give 
smooth parallel lift with both ends of 
blade elevated simultaneously. Mast- 
type wing for smallest grader has a 10 
ft. blade, 27 in. high, with weight of 
1,500 lb. Reversible one-way plow and 
bulldozer for No. 212 is 8 ft. 6 in. wide. 
28 in. high, weighs 1,740 lb. and has a lift 
of 12 in. 


Flexible Flashlights 11 

Made of aluminum, with a long, flexi- 
ble extension bulb retainer which re- 
places conventional bulb assembly, new 
series of flashlights, "Flex-Lites," are 
announced by Aero-Motive Mfg. Co., 
Kalamazoo, Mich. There are three 



Headset Microphone Combination. .12 

Incorporating a standard 600-ohm 
impedance aircraft headset, differen- 
tial lip microphone, and push-to-talk 
switch, plug, and jack, “Duo-Comm" 
is new headset microphone combina- 
tion for air-to-ground communication 
unit designed to fit all conventional 
aircraft transmitters and receivers. 
Maker is Flight Research Engineering 
Corp., Richmond, Va. Unit is made so 
that push-to-talk switch is mounted on 
wheel or stick, enabling pilot to keep 
both hands on flight controls during 
two-way communication. Microphone 
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That our Watch on the Rhine shall be s&W&in the hancfcof U. S. occu- 
pation troops reunited with their famme^/American Overseas Airlines 
has been flying approximately 100 wjfves an d children a week to 
Germany as part of a War DepcrtmerfHprogram known informally ds* 
/'Operation Reunion." S / 

\ Sinclair congratulates American^aathisSlmportant operation. As 
^Obplier of famous Sinclair Aircraft Qtt ovSy a period )of years for 
AmKwi's domestic flights, Sinclair fefititafes Ameri^jj Overseas 
as She ffrstcommercial airline to b&^JSe^vih the mass transfer of 
servic^fjipwi^ _ 

i flights, a week as 
Airlines is doing its 
pleasant as circym*; 


'Operationiieuniorts/ Truly, Amjfrrt! 
Hit to make posh^ar^ccupatiori of 
lances will permit fot*^mef1ca n Vdl 


At left, group of service wives and children board 
American Overseas Airlines plane at New York's 
LaGuardia Field for flight to Germany. 


Commercial airlines, private fliers and aircraft manu- 
facturers have found top-quality Sinclair Aircraft Oil 
just as dependable in peacetime aviation as it was proved 
to be in bomber, fighter, and transport engine lubrication 
during the war. 

The high regard in which engineers of American 
Airlines hold Sinclair Aircraft On speaks for itself. For 
safe, sure aircraft engine lubrication, go American — with 
Sinclair Aii^aft Oh. 

^0 


■American \ 

L OVERSEAS N 

ir AIRLINES 


SINCLAIR REFINING COMPANY AVIATION SALES 

630 FIFTH AVENUE, NEW YORK CITY 
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Year in and year out, Piper engineers have maintained the highest standards of 
quality in selecting materials for the Piper Cub. Finishes must be smooth, full 
and flexible. They must stand up in any kind of weather. They must be thor- 
oughly dependable both in production and in the air. Today, as in the years 
past, Piper Aircraft Corporation relies on “A Murphy Aircraft Finish” to help 
them build and protect the Piper Cub’s reputation as “that good, safe plane.” 

To make sure you have the most effective finish for your products. Interchemical 
chemists and service engineers provide finishes specifically designed to meet the 
conditions under which your products are to be manufactured, sold and used. 
Remember — To give your products a good start, give them “A Murphy 
Aircraft Finish.” Write: Interchemical Corporation, Finishes Division, Dept. 

A-l, 350 Fifth Avenue, New York 1, N. Y. 




MURPHY AIRCRAFT FINISHES 

AN INTERCHEMICAL PRODUCT 


Makers of a complete line of Finishes for Fabric. Aluminum. Duraluminum, Plywood, Fabric 
Covered Plywood, and Fabric Covered Aircraft... Paints for Aircraft Marking and Maintenance 
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Goodall weaves special light- 
weight Velmo upholstery ex- 
actly for the performance air 
lines require. Toughness that 
stands up under brutal pun- 
ishment. Easy cleanability for 
low-cost maintenance. Softness 
for a “cradled comfort” ride. 
And beauty of color, design 
and texture to go with modern 
plane interiors. In the give- 
and-take of today’s air line 
operation, you’ll be ahead 
with Goodall Rlanded-for-Per- 
jormance Fabrics. 
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The Lightest Approved 

Aircraft Smoke Detectors 

IMMEDIATE DELIVERY AT A FIRM PRICE 

Here they are — two entirely new Smoke Detectors — the Natural Convection 
Type and the Tube Type — for detecting fire in baggage or cargo space. 

OPERATING PRINCIPLE: Both detectors operate on the principle of light reflection, 
and efficiently detect white, black or any color smoke. 

Whenever smoke is present, the detector automatically lights a red signal lamp 
on the aircraft instrument panel, rings an alarm, or both, giving immediate fire- 
warning to the crew. 

A special C-O-TWO 3-position swftch provides “TEST” anti “RESET” of 
the detector at the aircraft instrument panel. 

NATURAL CONVECTION TYPE — with special light-trapping louvres in top, bottom 
and both sides of cabinet. This type provides continuous detection, operates 
in flight or on the ground. Located inside and at top of space, or in path of forced 
ventilation. 



TUBE TYPE-maybe mounted inside or outside cargo space. Samples of air from 
protected space are drawn through tubing into the detector by a blower or a 
clamshell. 

Leading airlines and builders have ordered and are now installing the new 
C-O-TWO detectors. Write today for detailed information. 

C-O-Two Fire Equipment Company 

NEWARK 1 • NEW JERSEY 

Sales and Service in the Principal Cities of United States and Canada 
AFFILIATED WITH PYRENE MANUFACTURING COMPANY 
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Plain talk about 
plane tubes 



suitable for aircraft cor 


The Aircraft Tubing Technical 
Committee of the American Iron 
and Steel Institute has defined 
"Aircraft Quality Tubing" as . . . 
"Tubing whose surface is of such 
a quality and its other character- 
it it is considered material 
as opposed to the general 


I tubing." 

Globe Steel Tubes Co. likes that definiti 


t, because it 


states so clearly that aircraft tubing is in a class by 
itself, that it must be made of the finest materials and have 
the most excellent finish. In other words, it is the kind of 
tubing that an organization like Globe, specializing in tube 
manufacture, can use its years of practical experience, its 
laboratory research and control of metallurgy and mechan- 
ical processing to maximum advantage. If you have a tubing 
problem, whether it be related to aircraft or not, but where 
the finest quality tubing is indicated — consult Globe. 
Globe Steel Tubes Co., Milwaukee 4, Wisconsin. 
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WHIZ 

KEEPS DISTINGUISHED COMPANY! 

AERONCA, BEECH, BELL, CESSNA, ERCOUPE, LUSCOMBE, 
NORTH AMERICAN, REPUBLIC, SIKORSKY, STINSON 

A blue book of personal plane and helicopter manufacturers ! 
Every one of them proudly exhibited their latest models 
at the National Air Show in Cleveland. And every one of 
them used Whiz Aircraft Polishes to be sure their planes 
looked their best! 

Naturally, you are interested in a better polish for alumi- 
num, or painted, aircraft surfaces; and in a better polish 
for aircraft windshields and windows. So, write us today for 
information about Whiz aircraft cleaners and polishes that 
go on easier, and rub down easier. Two major airlines tell us 
that Whiz saves more than 25% of man-hours in aircraft 
maintenance. R. M. Hollingshead Corporation, Camden, New 
Jersey; Toronto, Canada. 


The complete line of WHIZ aviation products includes: 
aircraft cleaners, polishes, waxes for aluminum and painted 
surfaces . . . hydraulic fluids . . . windshield cleaners . . . 
anti-seize compounds . . . and numerous other maintenance 
chemicals specially engineered for aviation needs. 



LEADER IN MAINTENANCE CHEMICALS 
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Pesco again meets the exacting demands of the 
aircraft industry ! This itctc , electrically driven, line- 
mounted, fuel booster pump enables the operator 
to preselect Pressure Regulation for the entire 
capacity range and know it will be held, in a 
straight line, with jewel-like precision. Equipped 
with specially treated brushes, for improved per- 
formance through extreme temperatures and alti- 
tudes, this unit’is explosion resistant and is Pesco 
proved to give continuous, trouble-free service 
under the most exacting conditions. Available 
now as a unit or separately, if desired. Both pump 
and motor are Pesco manufactured to meet high- 
est industry standards. 


Remember, Pesco Engineers are masters of 
Pressurized Power and Controlled Flow Systems. 
They can and are ready to assist in adapting cither 
the above pump or motor to the specifications you 
desire, if those listed below do not meet your 
requirements. Direct your inquiry to Department 
27-A, PESCO PRODUCTS DIVISION, Borg. 
Warner Corporation, 1 1610 Euclid Avenue, Cleve- 
land 6, Ohio. 


Electric Motor-Driven Fuel Pump 
Model No. 121026-010 
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Fixed base operators everywhere know the quality story of 
AIRWING Fabrics and Tapes. They know that AIRWING is 
made under the exacting supervision of experts from the 
selection of the finest cottons through the precise cutting operations. 
That’s why they buy AIRWING with confidence wherever 
lightweight fabrics and tapes of high tensile strength plus ease 
of application are required. 

The AIRWING line includes airplane fabrics meeting latest 
C. A. A. requirements including Grade A and C. A. A.-2. 

AIRWING Tapes come in a complete selection— Grade A made 
from long staple Pima cotton-pinked edge, sealedge, biased 
and pre-doped. 


REG. U. S. 

V 'x^‘ 

W. HARRIS THURSTON, inc. 


ebruary, 1947 
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^/^Guli Soluble Cutting Oil 



High lubricating value 


Extremely stable 


Nonfoaming 


Helps prevent rust 


Pleasant odor 


Get the advantage of all these 
quality features— found only in 
the new Gulf Soluble Cutting Oil: 


Miscible in all types of water 


ANOTHER achievement of Gulf Research 
Technologists — the new Gulf Soluble Cut- 
ting Oil! 

The above advantages of this new multi- 
purpose cutting fluid add up to effective help in 
improving production, increasing tool life, and 
reducing down time for tool changes. 

Call in a Gulf Lubrication Engineer today and 
ask him to recommend the proper dilution of 
Gulf Soluble Cutting Oil for each machining 
operation in your shop. Or send the coupon 
below for further information. 


Gulf Oil Corporation • Gulf Refining Company 

Division Sales Offices: 

Boston • New York • Philadelphia ■ Pittsburgh ! Atlanta 
New Orleans • Houston • Louisville • Toledo 
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jutd EEMCO LINEAR ACTUATOR (TV Cay 0 ?Caft) 


44 *ta Itvup&i t/tan 4. AytOiaulic jacA tAe A 4 *tte Afrenatuty. tafuzcity 



Here is a revolutionary new EEMCO development for a leading aircraft 
manufacturer. This linear actuator is electric -motor-operated, yet its 
dimensions are the same as those of a hydraulic jack of the same 
operating capacity. It eliminates all plumbing, resulting in : • greatly 
simplified design and assembly • appreciable reduction in weight, 
with consequent increased payload and performance • important 
savings in costs of materials, fabrication and assembly. 

Simplification, through channeling of wire, rather than the complicated 
installation of tubing, is one feature which alone effects a decided cost 
advantage. Important in operation and maintenance is the fact that 
there is nothing to leak. 

Development of this simple, compact actuator opens up numerous 
possibilities for application on aircraft... and other types of equipment 
as well. The same type unit can be used wherever a hydraulic jack 
is used ordinarily. 



ELECTRICAL ENGINEERING AND MFG.CORP. 

4606 West Jefferson Blvd., Los Angeles 16, Calif. 
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FOR AIRCRAFT ENGINES...AIRCRAFT SPARK PLUGS 







X>CC<lU4e. says Mr. R. S. Mitchell, Vice President 
in Charge of Operations for TACA, "they have con- 
sistently given superior performance throughout the 
unique variety of operating conditions in Central 
and South America." 


STURDINESS 
DEPENDABILITY 
ECONOMY 
EFFICIENCY 
LONG SERVICE LIFE 


: of the qual- 


insulated 


choice of air lines 
the world over. 


Aviation Spark Plugs Exclusively 


RB19R 


THE CORPORATION 

136 West 52nd St., New York 19, N. Y. 

MANUFACTURERS OF BOTH CERAMIC-INSULATED AND MICA-INSUIATED AVIATION STARK MIMS. 
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THE SINGLE DRIVER SHOWI 

WILL FI T AND DRIVE EVERY > 

BOLTAUD 5CCEW ON THIS PAGE! //& 


THEY ARE REED&PRINCE 

RECESSED HEADS... 


chaJrige 
drive rs 
i VL 
the 

MIDDLE 

of 


REED & PRINCE MFG. CO. 

WORCESTER, MASS. CH|CAGO,ILL. 
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a plea&u/ie tup 

IN THIS PRACTICAL 4-PLACE PLANE 


The all-metal Navion is much more than just a means 
of getting places at 150 mph. Four people enjoy deep- 
cushioned comfort, all-around sight-seeing visibility, 
a sound-proofed cabin, and especially smooth-flying 
stability. The Navion's non-stop range of over 500 
miles makes it possible to keep business appointments 
or reach pleasure resorts wherever they may be. 

Two may fly with 455 lbs. of business cargo 
or sports equipment. CAA Approved 
Type Certificate No. 782. 



never been up before, your Navion dealer will let 
you take the wheel. . .let you demonstrate to your- 
self that the North American Navion is easy to fly ! 
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There can be little argument that the elimination of 
carburetor icing due to refrigerating effects of fuel 
vaporization is the biggest single contribution to 
light plane safety in years. Manufacturers and pilots 
alike have welcomed the new Stromberg* PS Series 
Injection Carburetor that does away with this hazard. 
This new PS Series Injection Carburetor is also 
free from gravity effects in dives, climbs and banks. 


Temperature and altitude effects are automatically 
compensated for and consistent performance makes 
possible the accurate prediction of fuel consumption. 
Investigate this new standard in carburetors— the new 
PS Series Injection Carburetor for original factory 
equipment for light planes. Descriptive folder will be 
sent manufacturers on request. Bendix Products Divi- 
sion, Bendix Aviation Corporation, South Bend 20, Ind. 



Still the biggest news 
in the light plane field! 



ering helps American aviation lead the 


Bendix* creative engine < 
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» Reach Accord on A-N Merger— Featured by a decision 
to create a co-equal air force, prime news of the month was 
word that Army and Navy heads had finally arrived at a 
basis for unification of the armed services. The long battle 
over this vital question was resolved when President Tru- 
man prevailed in his call for a compromise. Army won its 
request for a Secretary of National Defense, while Navy, on 
its side, was granted right to retain certain controls — such 
as that over flic Marines— which it had stood firm against 
relinquishing. Final implementation awaits action by Con- 
gress, which is considered to bq, favorably disposed. 

Command over all air functions, both combat and trans- 
port, except for specialized missions of the other two 
services, is to go to the new co-equal Air Force-in effect 
giving it fighting-arm dominance. Army, under the agree- 
ment, would have full control over land fighting and service 
personnel, together with air and water transport as required; 
and Navy would have similar jurisdiction at sea, retaining 
its naval aviation and Marine Corps, also right to operate 
specialized air transport. Marine arm meantime won reten- 
tion of its own air components. 

Related under the new Secretary of National Defense, 
each of the three departments. Army, Navy, and Air 
Forces, is to have its own military head and also its own 
secretary. Awaited at this writing are the numerous clarifica- 
tions which will more closely define the new military 
structure and the precise responsibilities of tri-departmental 

» Budget Bureau Figures— Recommended for AAF air- 
craft procurement is a solid increase to $720 millions, 
including contract authorization, compared with $372 mil- 
lions obligated for that purpose in fiscal '47. Navy BuAer 
gets a cut from $308 obligated in '47 to $261, including 
contract authority, for aircraft. 

AAF research and development is boosted from $49.8 in 
'47 to $111.58. Guided missiles, mentioned for the first 
time in a budget, gets $13. Surprisingly, funds for industrial 
mobilization, considered important by AAF, are chopped 
from $1.5 to about $.5 million. 

BuAer’s total, though only 18% of Navy’s total, is down 
from $805.7 in ’47 to $536 in ’48. Ordnance departments 
of both Army and Navy get funds, part of which go for 
projectiles research. 

NACA is upped from $29.7 spent this year, to $36.4 next 
fiscal, with emphasis on Cleveland engine lab, which gets 
$14 as against $10 this year. CAA would be upped $23.8 
for regulating and servicing civil aviation. CAB’s rise is 
from $2.3 to $3.3. 

» Industry’s '46 Record— Aircraft industry grossed about 
$1 billion in its first full postwar year— four times that of 
1939. AIA reports output of lightplanes (December esti- 
mated) at 35,000; military planes 1,400; and transport 
(including all two-engine units) 450; total 36,580 for '46. 

Gross on completed airplanes (last two months esti- 
mated) is $367 millions. Engines, propellers, accessories, 
parts, and conversion work, brings total to $750 millions. 
Balance is military development contracts. 

Industry should sell 2,500 more planes in ’47. Delivery 
of transports will drop, but revenue will rise, due to larger 
ships. If Congress awards enough funds, military develop- 


ment will increase. Output of personal planes is seen 
declining. 

» Crashes Menace Confidence— With more accidents this 
winter, flying a fleet expanded some three times over that 
of prewar days, the public is critically wondering about 
application of all possible safety techniques. CAB-CAA and 
the airlines agree that any accidents are too many. Mean- 
time Congress swings into investigating action. 

Thus there are renewed efforts to eliminate all possible 
risks. Chief among these is further tryout of radar ground 
control approach. AAF is flying B-17s and C-54s daily 
between two GCA stations, one at Wilmington, Ohio, near 
Dayton, and one at Andrews Field, near Washington. 
Results, which are available to the airlines, are deemed 
satisfactory. 

CAA, accused in some quarters of concentrating too long 
on its instrument (local range) landing system and neglect- 
ing GCA after Army and Navy made it work, has joined 
ATA and Air Forces in installation of GCA at New York, 
Washington, and Chicago. These begin operation this 
month. 

Navy, which "talked” fighters aboard carriers with radar 
during the war, has 30 surplus GCA sets, and AAF has 1 30, 
which are offered to CAA for airline use at a cost of 
$5,200.00. 



AROUND THE SUPERSONIC CORNER? 

NACA concept for future ultra-speed transport depicts ten- 
passenger 1,000-mph. l,500-mi.-range craft which engineers 
believe can be successfully produced within next 10 yr. 
Power would be supplied by three turbojets, four ramjets, 
and four jettisonable rocket units. As shown in flight view 
(top), proposed ship would feature 45-deg. sweepback of 
wings and tail surfaces. Drawings (above) illustrate details 
of fuel storage, refrigerated passenger compartment, turbo- 
jet in tail, and retractable monowheel landing gear. (NACA 
photos.) 


AVIATION, February, 1947 




Here is new junior instrument trainer produced by Link 
for use in school classrooms. In lowprice field to key with 
academic budgets, this School Link Trainer will aid teachers 
in giving graphic presentation of flight techniques. Device, 
free to pitch, bank, and turn in response to stick and rudder 
pedal movements, has simplified panel of seven instruments. 
Available is amplifier and keyer unit for instructor-pilot 
contact, permitting five listeners; rough air unit simulating 
bumpy weather; and stall device. Cruising speed is 87 mph., 
top airspeed is 105. 


» 80th In Action-Legislation on air transport, for better 
or worse, has persisted for two decades, and will for decades 
to come. Right now in the 80th Congress: (1) A resolution 
proposes investigation of services, operation, and adminis- 
tration of all U. S. Airlines; (2) Chairman Wallace White 
(R., Me.) of Senate Interstate & Foreign Commerce Com- 
mittee asks Sen. Owen Brewster for a study of international 
air transport; (3) Sen. Pat McCarran (D., Nev.) has bills 
pending, requiring that bilateral international air transport 
agreements be passed on by Senate as treaties, and that 
U. S. domestic and foreign aviation be separated; (4) 
McCarran will re-introduce his bill for an All-American flag 
line consolidation of all U. S. foreign services; (5) first bill 
introduced is McCarran’s measure calling for independent 
civil aeronautics authority and safety board; and (6) is a 
bill to be offered by McCarran limiting CAB’s power to 
control nonscheds. 

There will be more bills in both House and Senate, 
probably including one or more on air auxiliaries for sur- 
face transport. 

» Contention on Cargo— Independent Airfreight Assn., 
in an oral argument, called for immediate action on CAB's 
proposed exemption for nonscheds (Sec. 292.1 of Eco- 
nomic Regulations) which would permit non-certificated 
air freight carriers, with applications pending, to fly cargo 
on a common carrier basis until 60 days after CAB grants 
or denies them certificates. H. Struve Hensel, council for 
the Association, contended the freighters would be out of 
business before CAB acts on the certificates. He said the 
certificated airlines are handling freight as a sort of slow 
express, at a loss. Airlines reply there is no emergency 
requiring a shortcut in CAB’s normal procedures. They 
say the airlines, in their critical financial circumstances, 
need the freight revenue. 

» Feederline Factors— CAB’s North Central feederline 
decision of Dec. 31 was the sixth of 1936, totaling 25,000 
to 30,000 route miles. Operations of the new feederlines 
so far has yielded very little data indicating whether the 
short haul system is widely accepted, or will pay its way. 


CAB expects four or five reports in early future. Decisions 
by Lockheed and Boeing not to produce Saturn and Model 
417 feederpianes, respectively, seriously narrowed operators’ 
choice of equipment. Some are operating DC-3s, which 
increases their problem of finding suitable airports. 

» Status of Airport Aid— CAA has started its federal aid 
airport program with plans to spend $33 million in 1947 
on about 800 fields, including: Class 1, 232 new and 82 
improved; Class 2, new 109 and 177 improved; Class 3, 44 
new and 153 improved. About half of fund will go for 
Class 2, because they are needed by feederlines, and because 
private flying also can use them. Construction in Alaska 
will run total up to nearly $34,000,000. Sponsors (states, 
territories, and their political subdivisions) will match 
federal money with additional $37,700,000, making ’47 
total of over $71,000,000. Next year, larger city airports 
will get more money. 

» Canadian Notes— A. V. Roe Canada, Toronto, has been 
assigned large part of wartime munitions plant at Nobel, 
Ont., for work on gas turbine aircraft engine, development 
of which firm took over from government's Turbo Engines, 
Ltd. . . . Fleet Aircraft & Mfg. Co., Ft. Erie, Ont., had 
second recent change of controlling interest when Vincent 
Mining Corp., Toronto, sold controlling interest to Harri- 
son Securities Corp., Toronto. Company continues making 
Fleet Canuck plane. 

WORLDATA 

ENGLAND— Vickers has delivered first of 20 pilotless type 
supersonic aircraft to Air Ministry for testing. Powered by 
rocket engines based on V-2 principle, top speed is ex- 
pected to be between 800 and 880 mph. 

AUSTRALIA— Battle between private airlines and govern- 
ment-owned TAA (Trans Australia Airlines) is continuing. 
Each group has been capitalizing on delays and mishaps 
suffered by the other on jointly used airfields. Also charges 
of personnel pirating are filed daily. Australian Government 
plans to speed cancellation of private mail contracts; and 
as retaliation for unfavorable publicity given TAA, it 
ignores existence of private lines in news releases about 
Australian aviation. 

CHINA-New air pact will permit Chinese airlines to enter 
U. S. at San Francisco (via Honolulu) and at New York, 
while U. S. lines will serve China by way of North Pacific 
route as well as by Mid-Pacific and ’round-the-world route 
entering from India. . . . Official reports state that con- 
nections are being maintained between China and Russia 
by Sino-Soviet Aviation Corp., which operates four DC-3 
tvpc craft on 800-mi. run between Hami and Alma Ata. 
First seven months of ’46 showed 102,000 mi. flown and 
53,664 passengers carried. 

INDIA— Steps are being taken for installation of all-India 
air communications network. Officially named Aeronautical 
Communication Service, it will operate a combination of 
facilities acquired from private companies together with 
extensive installations transferred to it bv USAAF. . . . New 
rulings by government on surplus aircraft and supplies have 
made it possible for aspiring airlines and private owners to 
obtain necessary parts to place all aircraft into flying condi- 
tion. Previously such parts had been restricted to four 
operating airlines. 

SWEDEN— SAS (Scandinavian Airlines System) expects 
delivery on its order for 17 DC-6s in late ’47. Ten planes go 
to ABA, 3 to SILA, and 2 each to DDL (Denmark) and 
DNL (Norway). Planes will be used on trans-Atlantic and 
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Design Development 

Of the Douglas XB-42 * 


By CARLOS C. WOOD, Chid. Preliminary Design Section. Douglas Aircraft Co. 


What the problems were— and how they were solved — in getting a 
truly unorthodox airplane in the air less than 10 mo. from start 
of design. Presenting basic data of extreme value in engineering 
future craft utilizing these new aerodynamic features. 


F ollowing considerations of ef- 
ficient types of offensive military 
weapons, Douglas proposed con- 
struction of a new type bomber to the 
AAF in May of 1943. The war situa- 
tion was then just beginning to look 
up, but there was a long road still 
ahead. 

AVe had finally taken Guadalcanal, 
the North African campaign was just 
over, and the nation was striving might- 
ily to produce the weapons needed for 
victory. Intense effort was being poured 
into aircraft production, but we were 
beginning to realize the difficulties in- 
herent in large scale supply by air. 

It appeared that one way of shorten- 
ing the war would be by the over- 
whelming bombing of the enemy in his 
own backyard but we had been pushed 
back so far that it might not be feasi- 
ble to undertake the entire long range 
bombing job with airplanes then avail- 
able or soon to be available in the nec- 
essary concentration without seriously 
prejudicing our industrial facilities. 

Accordingly our search was for an 
efficient military weapon that would 



permit increasing the heavy long range 
bombing attack with minimum indus- 
trial effort. The foreseeable strategic 
situation required a minimum operat- 
ing radius of at least 2,000 mi. — the 
target, Tokyo. 

Normally, requirements for increased 
range or increased bomb load always 
result in largo aircraft, doubling either 
range or bomb load resulting in far 
more than doubling of plane weights. 
Developments of very long range air- 
craft, or aircraft with very large pay- 
loads, entails the practical solution of 


tural efficiency tends to stabilize with 
increasing size, as does aerodynamic 
efficiency. Demands for more horse- 
power grow ever higher because of 
physical limitations on size of operat- 
ing bases and the requirement for an 
adequate level of performance; and 
these combine to require more fuel, 
more armament, more crew members, 
and thus more cumulative difficulties 
in overall design with increasing size 
of aircraft. 

In the XB-42 we planned a big step 
in aerodynamic, structural, and power 
plant efficiency which would result in a 

a given range or bomb load. AVith high 
aerodynamic, structural, and power 
plant efficiency, it appeared that it 
should be possible to develop a small, 
high speed versatile airplane capable 
of being maintained and operated by a 
small crew, using only a relatively 
small amount of fuel (thus helping 
pressure on military transport), requir- 
ing only a minimum armament because 
of its speed, and requiring compara- 
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tively small plant facilities and eco- 
nomic strain for high production. 

With such a small airplane, other 
military duties could be assigned to 
the airplane as the military status 
changed — moving from long to short- 
range bombing, high capacity bombing 
to ground attack, and ground support 
to reconnaissance, as the situation de- 

At the same time an airplane with 
good flying characteristics was desired, 
with particular attention to safety and 
ease of flying after engine failure. For 
this we felt that some type of “eenter- 
line” thrust design was indicated, to 
eliminate the critical period encoun- 
tered on failure of one engine in a con- 
ventional highly powered multi-engined 
airplane. 

Conventional multi-engined airplanes 
have continually improved in efficiency 
with the development of cowled en- 
gines, cantilever structure, smooth fin- 
ish, low drag shapes, and better propel- 
lers. Our problem in the XB-42 was to 
improve on convention and at the same 
time eliminate some disadvantages in- 
herent in the conventional arrangement, 
such as slipstream over surfaces, pro- 
file drag of exposed nacelles, instabil- 
ity tendencies with power on due to 
propeller location forward of the center 
of gravity, and control troubles under 
some engine conditions. 

Partial solution could be found in a 
pusher type configuration with engines 
in the wings but structural, cooling, 
control, and propeller vibration difficul- 
ties (particularly with flaps down) 
eliminated this from our considerations. 

Success of the Bell P-39 shaft drive 
led to the conclusion that such a drive 
system was suitable for further devel- 


opment, and together with liquid cooled 
engines provided the key to our de- 
mands in the XB-42. Whdt we en- 
visaged was a completely clean wing, 
enclosing the engine radiators and cool- 
ing system, fuel, and possibly arma- 
ment; a fuselage (see Fig. 1) enclos- 
ing the crew, bomb bay, engines, and 
equipment; a set of tail surfaces; and 
remotely driven propellers providing 
“centerline" thrust behind the tail sur- 
faces. 

From this configuration (sec Fig. 2) 
it appears that we have a completely 
functional arrangement of the cleanest 
possible type, with no excrescences due 
to power plant or other miscellaneous 
items, with no slipstream problems, 
with added stability from propeller ac- 
tion, and with excellent vision and low 
sound level. The various major com- 
ponents of the airplane can be kept 
simple and straightforward, and thus 
efficient and low in production cost 


lablished the general geometric require- 
ments of the airplane to be able to 
carry 2,000 lb. of bombs an absolute 
range of more than 5,000 mi and to 
have a high speed in excess of 400 
mph., together with a maximum in- 
ternal bomb capacity of 8000 lb., 
whether in U. S. 2,000-lb., British 
4,000- lb., or British 8,000-lb. bombs. 
Naturally, at the same time good take- 
off, flying, and landing characteristics 

Thus far the XB-42 has been con- 
sidered in generalities, which always 
seem easy, but such was not the case 
in some of the problems encountered 
and solved during the design. 

The initial problem was that of 
time. As mentioned, our first, and 
rather informal, proposal was made to 
the Army in May 1943. A definite 
bid was requested, and we were into 
June 1943 by the time a specifica- 
tion was agred upon. A small amount 
of general design work could proceed 
prior to a contract, but as the draft 
and manpower situation was very tight 
at that time, serious work awaited a 
contract, which finally was awarded in 
Aug. 1943. 

XB-42 No. 1 flew on May 6, 1944, a 
year from initial presentation of the 
idea to the Army and less than 10 mo. 
from the start of actual design. This 
is not as short a time as for some 
planes, but it is believed to be a de- 
sign and construction time as short as 
any for a modern bomber with all of 
its complication. 

Next problems were those of general 
arrangement. With the conventional 
planes, general arrangement is more 
of a continuous headache than a par- 
ticular problem. With conventional 
military planes the normal procedure 
is to establish reasonable locations for 
the equipment and crew items that tend 
to control design, wrap a package 
around them, and then juggle the wing 
and power plant combination until the 
plane balances. 


Study of the overall configuration es- 
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there was a very small wake passing 
through the propeller disk from wing 
and tail surfaces, and it was found 
to produce no particular propeller vi- 
bration. The next least important 
source of propeller vibration was the 
wake from the extended landing gear, 
as shown in Pig. 4. Extended land- 
ing gears are rather horrible items, and 
though a reasonable amount of trou- 
ble was expected from wake entering 
the propeller disk, the effect of this 
wake, although noticeable, was not 
enough to cause any serious prop vi- 

Next least important source of pro- 
peller vibration comprised two inter- 
related items, namely the wing flap 
and cooling doors. As shown in Pig. 
5, cooling doors were located in the 
upper portions of the wing to obtain 
maximum pumping effect from pres- 
sure distribution on the wing. These 
doors opened inward to minimize spoil- 
age of flow over the wing. As shown 
in Pig. 6, flaps were of double-slotted 
type, suspended by linkage from the 
wing. When flaps were deflected, the 
position of the wing was such that the 
wake passed through the propeller disk. 

As shown in Pig. 7, wake from ex- 
tended flaps is quite powerful at the 
propeller disk. This induced consid- 
erable vibration and occasioned some 
worries on this score. However, at 
speeds at which flaps are in operation 
or at which the cooling doors are 
open there was no question of any 
propeller structural failure. Some 
pilots maintained roughness was above 
acceptable limits; others thought it 
was about that of normal planes. 

Major source of propeller vibration 
was found to be the wake of the open 
bomb bay. As shown in Pig. 8, when 
the bomb bay is open, there is a cavity 


as wide as the plane, half as deep as 
the fuselage, and 40% of the length of 
the plane. As the bomb bay must be 
openable at any flight speed up to 
placard limits, this source of vibration 
may be extremely serious. Extreme 


power of the wake can be seen in Fig. 
9. The wake was found to be subject 
to some control by eliminating some of 
the spillage at the rear of the bomb 
bay by means of slots and reshaping. 
The other means taken were to mini- 
mize wake effects by use of snap-action 
bomb doors, thus shortening the critical 
period of open bomb bay, and by 
dynamic mounting of the aft gear box, 
to minimize effects of the vibration 
both on the propellers and the air- 
plane. Front information gained in the 
investigation of these vibration prob- 
lems it is believed any future planes 
will have only routine troubles from 

Remaining aerodynamic problems 
were generally confined to control sur- 
face balance and ducting. Internal 
sealed balances were used on the con- 
trol surfaces, and although troubles 
were annoying, they were generally 
routine in the provision of suitable 
amounts of balance to give desirable 
hinge moment characteristics through- 
out the wide speed range of the air- 
plane. The troubles concentrated in 
the aileron system where they were 
compounded by the fact that the ex- 
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perimental plane had a control system 
with excessive friction. This situation 
could not be corrected in the XB-42 
because of laek of time. But it has 
been corrected in the XB-43. 

Ducting work was on two systems, 
engine induction and cooling. For the 
first time in our knowledge, flush-type 
scoops were used in the engine induc- 
tion system and the problems were 
solved by provision of suitable boun- 
dary layer bleeds in the ducts. The 
cooling duct problem was complicated 
by the fact that the arrangement re- 
quirements of the plane dictated that 
the cooling system be placed in the 
wings. Development of suitable duct- 
ing concentrated on the provision of 
proper flow for cooling with minimum 
drag and proper external flow over the 
wing so minimum penalty was paid in 
wing drag and wing lift. Duct develop- 
ment moved progressively from the in- 
itial type to the final type, as shown 
in Fig. 10. 

Power plant installation, although by 
far the most radical single item, pre- 
sented surprisingly few difficult prob- 
lems, primarily because of our deliber- 
ate attempt to make the installation 
merely an unconventional arrangement 
of conventional components. Fig. 11 


indicates the general arrangement. Two 
Allison V-1710 engines were installed 
immediately behind the pilot’s com- 
partment, with the centerline of each 
at about 20 deg. to the vertical, and the 
engines toed in a few degrees to the 
rear. Power was transmitted from each 
engine to its own propeller through five 
lengths of shafting, each identical to 
that used in the Bell P-39. 

Gear reduction and final drive was 
through a modified V-3420 counter- 
rotation gear box to Curtiss right- and 
left-hand pusher propellers, which were 
especially modified to permit individual 
governing and separate control. Detail 
problems of alignment, etc., naturally 
arose during engineering and construc- 
tion, but no trouble has ever been en- 
countered from the engine and drive 
system. Incidentally, the shafts and 
bearings all appear to be in excellent 
shape after more than 600 hr. on the 
test stand, as well as over 150 hr. of 
flight. 

Aside from the duct problems, no 
difficulty was encountered in flight op- 
eration of the cooling system, but con- 
siderable development was necessary 
for proper ground cooling. No airflow 
was available for ground cooling be- 
cause of the location of the propellers 


behind the tail, and accordingly ground 
cooling fans were necessary. One elec- 
trically-driven fan was provided for 
the Prestone cooler for each engine, as 
well as one for each oil cooler. The 
final control system for ground cooling 
fans provided that electrical energy be 
supplied from the battery and gener- 
ators individually for each engine when 
the weight of the plane was on the nose 
gear while the oil pressure of the par- 
ticular engine exceeded 15 psi. Consid- 
erable development was required to ob- 
tain motors that would not burn out — 
this turned into development of suitable 
cooling and venting provisions for the 
individual motors. Apparently the fix 
was good as no trouble has been re- 
ported from the ground cooling system 
since Oct. 1944. 

Mechanically, the XB-42 presented 
only rather routine design problems — 
even considering the rather complicated 
landing gear — except for armament. 
As the airplane is small and fast, it 
appeared from complete analysis of 
possible attack techniques that the only 
defensive firepower required would be 
iu a rather limited zone to the rear. 
Presence of the propellers at the tail 
complicated the issue. The initial 
thought was to mount one or two 










Fig. 12. Cutaway drawing of wing turret design. 
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Fig. 13. Wing turret in open and closed positions. 


50-cal. gnus on a stationary tube run 
through the propeller shafts, with the 
guns aft of the propellers. 

It sounded “Rube Goldbcrgy”, but 
we decided to try it. A working moekup 
was made and test fired. It was suc- 
cessful in that it saved us any more 
lost design time, for the tests indicated 
we could not hope to hold firing ac- 
curacy within desired tolerances, by a 
large amount. Work was started im- 
mediately on a wing installation; the 
result is as shown in Figs. 12 and 13. 
Cover doors were snap-action type, and 
in tests up to airplane design-speed 
were found to have no deleterious ef- 
fect on flutter or control, the only no- 
ticeable effect being a slight increase 
in directional stability with the doors 
open. No objectionable wing or con- 
trol vibration was found from gun re- 
coil, and the gunfire pattern appears to 

Design of equipment installations 
presented only routine problems aside 
from those connected with the ground 
cooling mentioned above. 

Structural design problems were a 
little different from those normally en- 
countered, but were not too difficult. 
Most fuselage work centered around 
development of stressed but quickly 
openable engine compartment doors, by 
the use of specially designed quick- 
acting fasteners capable of taking shear 
and tension loads, and on design of the 
. snap-acting bomb doors. The latter 
were a problem because of the large 
size (20 ft. long and clear across the 
fuselage). Interna] structure around 
the engine compartments was stainless 
steel, bnt otherwise was conventional. 

Provisiens for engines and related 


items, such as shafting, were simpler of 
accomplishment than on a normal air- 
plane. Wing problems were straight- 
forward, except for the necessary 
structural provisions for large ducts in 
the radiator location, long span be- 
tween ribs in the fuel tank section, 
together with easily removable tank 
covers, and also the use of the spars to 
carry torsional loads across the section 
where the guns were installed. Much 
to our chagrin from a weight stand- 
point, but delight from a design stand- 
point, the wing structures tested a fair 
amount over strength on roof loading. 
From a loading viewpoint most of work 
was on correction of normal criteria 
for Mach number effects, together with 
the determination of the critical condi- 
tions for the plane, whether it was be- 
ing used as an attack craft at light 
weights or as a bomber at heavy 
weights. The final means for placard- 
ing the plane in flight makes use of 
both a Mach and an airspeed meter, the 
indicated airspeed being critical up to 
about 17,000 ft., the Mach number be- 
ing critical above that altitude. 

Mounting the final drive gear box 
presented one rather peculiar problem. 
This mounting was accomplished by 
pressuring out a frame (of 5/32 
aluminum alloy) to which the gear box 
mounting ring was bolted. So far, so 


early in the design as to how the crew 
would get out of the airplane in 
case of emergency. It was decided that 
the best thing would be to arrange for 
the jettisoning of the propellers. 
(When the unfortunate crash at Wash- 
ington occurred, we found that jettison- 
ing was unnecessary and the system 


provided worked.) All sorts of ideas 
were considered, but final solution was 
to drill a series of holes through the 
frame and then provide a holder with 
a piece of cordite, which could be ex- 
ploded by separately closing both sides 
of a detonating circuit. This frees the 
propellers and gear box, the drive 
shafts slipping out of their splined con- 
nections — and the whole gear box and 
propeller assembly comes off the plane. 
We finally got a charge that didn’t 
knock off the tail surfaces but did 
the jettisoning job. 

We have discussed vibration prob- 
lems earlier. High speed airplanes 
bring in flutter problems, but at least up 
through the design speeds of the XB- 
42 it appears that our usual methods 
of providing element-by-element static 
balance of all control surfaces, with 
a conventional control system, is per- 
fectly adequate for flutter control. 

We found out several things dur- 
ing flight test. In the first place, 
speeds checked predictions within 1 % 
and checked a drag saving of about 
30% over comparable conventional de- 
signs. Next, range figures came out 
somewhat better than predicted, due 
to improvement in span efficiency aris- 
ing from the absolutely clean wing. 
Next, climb came out somewhat better 
than expected, being well up for two- 
engined operation and being about 35% 
high for single-engined operation— this 
latter due to higher span efficiency, re- 
duction of drag due to lack of off-center 
thrust and its resulting high control 
surface drag, and location of the pro- 
pellers in an advantageous position 
that promoted high efficiency during 


takeoff. 

To show that all these items were 
not entirely of paper importance, the 
Army decided to take official delivery 
of the plane in a transcontinental flight 
from Long Beach to Washington, D. C. 
The delivery was successfully per- 
formed in an elapsed time of 5 hr. 
17 min. 34 sec. over a distance of 
2,295 air miles at an average ground 
speed of 433.6 mph. Allowing for av- 
erage 60 mph. winds, true average air 
speed for the flight was about 375 
mph. For this flight, 1,153 gal. of gas- 
oline were used, giving an average of 
about 2 mi. per gal., the airplane land- 
ing with 305 gal. of fuel in its tanks. 

As to the future of the design— 
the war came to an end before the 
XB-42 could be placed in service, and 
by that time the B-29 and other fine 
planes were really doing a job in the 
Pacific. We don’t know what the fu- 
ture has in store, but the basic design 
still appeals to ns very strongly as a 
very efficient means of long range ac- 
tion against any possible enemies of 
our country. 
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Transonic Hazards Reduced * 

By JOHN STACK, Chief Compressibility Research Division, National Advisory Com ■ Allen of Ames Aeronautical Labora- 

mittee tor Aeronautics. Langley Field, Ko. tory and Liepman of California Insti- 

tute of Technology, in work soon to 

. be published, and Ferri of Langley 

New wind tunnel data gives promise of less difficulty for airfoils Memorial, in unpublished work, have 
in passing through the speed range of sound. proceeded from a knowledge of the 
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during the course of experiments 
made by Lindsey, Daley, and Hum- 
phries (in the NACA 4 x 18 in. high- 
speed wind tunnel) to obtain data to 
study transonic aircraft problems. 

The flow in part of the transonic 
region for a 4-in. chord supersonic- 
type airfoil is illustrated in Fig. 2. 
At low Mach numbers, separation oc- 
curs at the leading edge. With in- 
crease of speed, shock disturbances 
are seen in the flow outside the sep- 
arated zone. These disturbances are 
apparently traveling forward as indi- 
cated by Fig. 8 and 9 in the afore- 
mcntionel article.* These disturbances 
do coalesce into the terminal shock, 
which in appearance is much like that 
found for subsonic airfoils. With fur- 
ther increase of speed, however, there 
is a radical change in type of flow. 
The apparently subsonic airstream 
turns the sharp corner at the leading 
edge and flows along the upper sur- 
face. The separated flow which occurs 
at the lower speeds disappears. There 
is an oblique disturbance which ap- 
pears to originate in the high velocity 
region around the nose of the airfoil, 
and this is then followed by shock 
stall or compressibility burble of the 
type found for subsonic airfoils. The 
forward oblique disturbance does not, 
however, penetrate to the airfoil. 

Even though the airstream speed is 
below the speed of sound, the phe- 
nomenon suggests a Prandtl-Meyer 
turn. A Prandtl-Meyer turn is a con- 
ceivable explanation, because locally 
the movement near the leading edge 
attains supersonic velocities. Pressure- 
distribution diagrams for a 4-in. chord 
NACA lS-(70) (03)-(70) (03) airfoil 
are shown in Fig. 3. The existence of 
a narrow zone of supersonic velocity 
at the leading edge, as shown by the 
pressure-distribution diagram, permits, 
if we fix attention on the region 
immediately at the leading edge, the 
possibility of a Prandtl-Meyer turn. 

Proceeding with this reasoning, the 
validity of this hypothesis is easily 
investigated. If a simple type of 


Prandtl-Meyer turn occurred, one can 
establish the minimum local Mach 
number at which the flow attachment 
occurs. When the angle of attack is 
less than the scmiangle of the leading 
edge, the flow attachment would oceur 
with a compression in the flow. When 
the angle of attack is greater than the 
semiangle of the leading edge, the flow 
attachment would occur with an ex- 
pansion. There thus could be two 
regimes. For the lower angle-of-attack 
range the minimum local Mach num- 
ber for flow attachment would be that 
given by the angle of turn required, 
supposing that the Mach number im- 
mediately behind the turn became 1.0. 
For the higher angle-of-attack range, 
the minimum local Mach number im- 
mediately behind the corner would be 
given as a function of the angle of 
turn. From the Prandtl-Meyer rela- 
tions, as given in Steam and Gas Tur- 
binetf, in Aerodynamic Theory and 
elsewhere, and the leading-edge semi- 
angle, the minimum local Mach num- 
ber and the corresponding Mach num- 
ber immediately behind the corner have 
been calculated as a function of angle 
of attack for a few examples. Gen- 
erally, no substantiation of the simple 
Prandtl-Meyer turn, as a possible ex- 
planation, was found. For example, 
for an angle of attack of 4 deg. and 
minimum local Mach number 1.0 im- 
mediately ahead of the turn, the calcu- 
lated Mach number behind the cor- 
ner is 1.11 (from experiment, 1.3). 

In making this examination of the 
phenomena it was not possible to de- 
termine the local Mach numbers near 
the leading edge from the pressure- 
distribution diagrams because it was 
impossible to install pressure orifices 
in the model sufficiently close to the 
leading edge. Pressure data for this 
region were, therefore, obtained by in- 
stalling small orifices in the tunnel 
wall; and pressures in the field of 
flow, as well as close to the airfoil 
surface near the leading edge, were 
obtained. Typical flow field measure- 
ments for the leading-edge region are 


illustrated in Fig. 4. For the NACA 
lS-(70) (03)-(70) (03) airfoil at a 4 
deg. angle of attack, for which the data 
are presented in the figure, the flow 
attaches to the upper surface at a 
stream Mach number of slightly over 
0.75. For this stream Mach number 
and higher values the flow-field meas- 
urements show, immediately behind the 
leading edge, a very rapid increase in 
Mach number, followed by a rapid 
decrease to a nearly constant local 
supersonic Mach number extending 
back a considerable distance along the 
upper surface of the airfoil. 

Considering the Prandtl-Meyer phe- 
nomena, these pressure surveys indi- 
cate a local turn of direction of the 
flow considerably greater than given by 
the simple geometry of the stream 
direction and the airfoil shape. Since 
the airfoil is at angle of attack, 
the stagnation point is on the under 
surface. The flow must effectively turn 
around the sharp edge to close, and 
normally this would cause separation. 
Actually, a close examination using 
Schlicren images shows a separation 
of flow. A local separation of the 
flow occurs but does not persist, the 
flow closing in immediately behind 
the leading edge. There exists at the 
nose a “bubble” around which the flow 
closes. The existence of this “bubble" 
provides a possible contour which the 
flow can follow. 

The forward oblique disturbance is 
a compression shock. Examination 
of the flow-field measurements shows, 
as indicated in Fig. 5, that this shock 
lies very closely along the contour line 
of the maximum Mach number in the 
field. It might be supposed, therefore, 
that this disturbance represents the 
local change of flow direction that 
occurs at the rear end of the “bubble” 
at the nose. This supposition may be 
questionable, however, because the dis- 
turbance appears to originate in the 
flow at a distance out from the air- 
foil. 

The flow-field measurements, Fig. 4, 
show that very close to the surface 
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of the airfoil, in the zone which this 
disturbance does not penetrate, the 
region of highest Mach number and 
correspondingly low temperature is 
very small. Thus the actual time for 
which the air remains at extremely low 
temperatures is short, whereas at a 
distance out from the airfoil the 
gradient of temperature in the chord- 
wise direction is very much less and 
the air is a longer tune at low tem- 
peratures. It was therefore considered 
that the forward disturbance could 
be a condensation shock and that its 
failure to appear in the zone close to 
the airfoil was due to the extremely 
short time interval for which the air 
and its contained moisture was at very 
low temperature. Further study, how- 
ever, indicates that this disturbance is 
not a condensation shock. First, if 
condensation occurred, the flow field to 
the rear of the disturbance, because 
the local temperature remains low, 
could be expected to show evidence 
of fog, which actually was absent Sec- 
ond, other investigations made in the 
NACA 24-in. high-speed wind tunnel 
established that, for such Mach num- 
bers as occur with this disturbance, 
the initial moisture content of the air 
must be appreciably higher than it 
was in these experiments if conden- 
sation is to occur. 

There remains uncertainty as to the 
actual origin of this disturbance. It 
may be possible that flows with large 
local acelerations, such as those found 
at the sharp leading edge in these 
experiments can occur without giving 
rise to a compression discontinuity. 
Such a- flow might be visualized as a 
rarefaction and a compression occur- 
ring so close together as to neutralize 
each other. The flow, in effect, then 
occurs without evident discontinuity. 
On proceeding outward from the air- 
foil, the ohordwise gradient in Mach 
number becomes much smaller and the 
flow, behaving in the well-known man- 
ner, gives rise to the compression dis- 


turbance shown by the experiments. 

The second oblique disturbance, 
which starts near the nose and term- 
inates in the normal shock, taken with 
the normal shock and the gradually 
thickening boundary layers (Fig. 2), is 
similar in general character and is pre- 
sumably the same phenomenon found 
with conventional subsonic airfoils. 

Elimination of the separated region 
at the leading edge of the sharp-edge 
airfoils has shown in some instances 
important effects on the lift and drag 
characteristics. Fig. 6 gives a compari- 
son of the lift and drag characteristics 
for a subsonic and a supersonic pro- 
file for a range of subsonic speeds. 
These data illustrate the influence of 
the flow phenomena found for the 
shnrp-edgcd profiles on the lift and 
drag characteristics. The rapid rise of 
lift coefficient and the reduction of the 
drag coefficient shown at a Mach num- 
ber of approximately 0.75 by the data 
for the sharp-edge circular arc profile 
correspond to attachment of the flow 
to the upper surface. At angles of 
attack other than zero these data show 


less variation in characteristics with 
Mach number and, within the portion 
of the transonic range covered by these 
experiments, somewhat better charac- 
teristics for supersonic profiles. 

The general aerodynamic character- 
istics have not been discussed, but the 
indications shown by the data pre- 
sented in Fig. 6 are representative. It 
appears that supersonic aircraft 
(using, of course, supersonic-type pro- 
files) may experience less difficulty in 
passing through transonic regions than 
had been expected on previous inform- 
ation. This is due to the phenomena 
in the flow about the leading edge 
whereby the flow separation, found at 
low speeds for the suspension-type pro- 
files, is eliminated. There may also be 
possibilities for improvement of effi- 
ciencies of high tip speed propellers 
through incorporation of the sharp- 
edge profile for elements of the blade 
in the shock-stall region. Fact that 
the flow is, to a considerable degree, 
attached to the upper surface at Mach 
numbers much less than 1.0 suggests 
low drag coefficient rise as the Mach 
number passes through 1.0. The flows 
indicated by the Schlieren photographs 
suggest the possibility of characteris- 
tics equivalent to bow-wave attach- 
ment at Mach numbers scarcely greater 
than 1.0. 
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These Test Procedures 


Keyed Jet Engine Advance 


By E. E. STOECKLY, Aircraft Gas Turbine Engineering Division. General Electric Co. 

How comprehensive proving methods — some following reciprocat- 
ing engine practice, some involving entirely new techniques — 
were devised to attain maximum strength and thermodynamic 
performance in jet propulsion power plants. 


EVELOPMENT OP THE GAS-TURBINE 

jet-propulsion engine to its pres- 
ent state of perfection required 
a large variety of tests on component 
parts and the complete engine. Some 
of the tests have a counterpart in re- 
ciprocating-engine testing but many 
are entirely different because of the 
new problems encountered. 

These tests divide into two principal 
groups — those to prove mechanical 
strength and endurance, and those to 
determine thermodynamic performance. 

Consider first the mechanical tests 
of the component parts. The compres- 
sor impeller or rotor is checked by run- 
ning to some predetermined overspeed. 
This is done as is shown in Fig. 1. 

The rotor is hung on a small flexi- 
1 ' i shaft in an evacuated tank and the 
assembly driven up to speed by a small 
vertical turbine. Careful measurements 
are made of the amount the impeller or 
rotor stretches at various speeds by tak- 


ing the assembly up to speed in steps. 

Similar tests are made on the fin- 
ished bucketed turbine wheel. If wheel 
trouble develops, it may be necessary 
to run large numbers of wheels to 
destruction. This helps in selecting the 
best material, best forging technique, 
and proper heat treatment, or it may 
be necessary to sample test produc- 
tion heats of turbine wheels to make 
certain that quality is maintained. 

In engines of the 1-40 and TG-180 
size, energy released in such destruc- 
tion tests is several million foot- 
pounds. Tests on 1-40 wheel blanks 
have shown that three consecutive 
wheel bursts will penetrate an 11- 
in. thick ring of laminated steel 
boiler plate. Through the cooperation 
of the U. S. Navy we have obtained a 
section of 17-in. thick battleship armor 
plate from which a protection ring 
has been made that has taken a very 
large number of bursts. 





tar TG- 


In order to determine the proper 
correlation existing between destruction 
tests on wheels at room temperature 
and the short-time bursting speed of 
wheels operating at running tempera- 
ture conditions, a high-temperature 
wheel destruction test was developed. 

In this setup the turbine wheel and 
its shaft are operated in their own 
bearings under no-load conditions. 
The turbine discharge is connected to 
an evacuating system, and hot gases 
are fed to the turbine wheel through 
a standard turbine diaphragm and 
combustion chambers. Air to the com- 
bustion chambers is taken in on the 
left-hand side at ambient room pres- 

In this test the wheel speed and 
the operating temperature of the gases 
surrounding the wheel can be controlled 
independently by the proper adjust- 
ment of exhaust pressure and fuel to 
the combustion chambers. 

In addition to the short-time burst- 
ing test, it is necessary to make long- 
time endurance tests under actual 
running vibrations, speeds, and tem- 
peratures. To obtain the proper cor- 
relation between various bucket and 
wheel materials, it is desirable to make 
endurance runs under predetermined 
constant combinations of stress and 
temperature. The desired test tempera- 
ture and speed are usually somewhat 
above the military rating of the ma- 
chine. 

To obtain this, an engine with a 
reduced diameter impeller and no ex- 
haust jet nozzle is used. The operat- 
ing speed and temperature are con- 
trolled independently by the proper ad- 
justment of fuel flow and air bleed 
from the compressor discharge. 

All of the fuel system accessories, 
such as main fuel pump, starting fuel 
pump (where used), altitude control 
devices, the speed governors, control 
valves, stop cocks, and fuel nozzles 
must be thoroughly developed and 
tested for both performance and life 
endurance, using the fuels with which 
they will be required to operate. 

To date, all accessory testing has 
been done at normal room tempera- 
tures. To determine the effect of low 
temperature on differential expansion 
of the many dose fitting parts, on 
seal operation, and on effect of low- 
temperature fud on the operating 
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characteristics, low-temperature high- 
altitude test stands are being built. 
These will be employed for the opera- 
tion and endurance testing of all fud 
system accessories. 

To determine the ability pf the unit 
to withstand plane maneuvers, the fin- 
ished turbine wheel and shaft are 
sometimes subjected to gyroscopic load- 
ing tests in which the turbine wheel 
and shaft are operated at normal speed 
and rotated about an axis perpendicu- 
lar to their axis of rotation at some 
specified velodty of precession. This 
is continued until either a bearing fails, 
the shaft fails due to fatigue, or a 
specified time has elapsed. To date no 
test stands are avilable for gyro test- 
ing of the complete engine. 

The structural strength of the engine 
frame, bearing supports, and engine 
trunnion supports against gyroscopic 
loads and dive pull-out loads is cheeked 
by statically loading the frame at vari- 
ous points, using hydraulic jacks and 
cables. In these tests, deflections are 
measured at various points, strains are 

ploying strain gages, and ultimate 
strength js measured by carrying the 
test to destruction. 

A large number of tests are made 
to determine the performance of vari- 
ous component parts. These checks 
include complete performance investi- 
gations on various forms of impellers. 
Diffusers, turning vanes, turning el- 
bows, and other flow passages, must 
be flow eheoked. Turbine designs are 
examined in a similar way to deter- 
mine the effect of nozzle-diaphragm 
blade shapes, bucket shapes, areas, an- 
gles, and clearances. Various shapes of 
exhaust cones are tried in order to ob- 
tain maximum velocity and pressure re- 
coveries from the turbine-wheel dis- 

Besides the trials on the component 
parts, many tests are run on the com- 
plete engine. Purpose is to establish, 
for development purposes, the opera- 
tion, performance, and endurance of 
the complete unit under all operating 
conditions. Included are tests to es- 
tablish the performance of different 

ignition operation, combustion stabib 
ity, bearing operation and life, effect 
of balance refinement on vibration, 
effect of fuel nozzle balance, effect of 
combustion-chamber temperature dis- 
tribution, exhaust-cone distortion and 
life, bucket and wheel life, maximum 
safe operating speeds and tempera- 
tures— and many more. There are also 
the normal Army and Navy type tests, 
proof tests, and acceptance tests. 

Cells for checking the complete en- 
gine have changed considerably since 
the first units were constructed several 



years ago. Fig. 2 is a cross-section of 
one of the first cells constructed for 
jet-propulsion engine testing. In these 
initial cells, no attempts were made at 
sound-proofing. 

Combustion air to the ceU is meas- 
ured by the inlet-air flow nozzle lo- 
cated in the upper left-hand comer. 
The air baffle across the center of the 
cell is connected to the air baffle on 
the unit by means of a glass-cloth seal. 
The pnrpose of this baffle is to force 
the bearing-cooling air discharged from 
the fear of the engine to pass over the 
top of the cell baffle and mix evenly 
with the incoming air— rather than flow 
back and feed unevenly into the rear 
compressor inlet, where it would be 
difficult to obtain a satisfactory average 
inlet temperature. 

The engine is supported upon a 
swinging frame suspended by four 
rods from roof beams. The jet reac- 
tion is taken on two horizontal rods 
on the engine center line to a 1 :1 yoke 
in the rear of the cell. Bottom of the 
yoke loads onto thrust-measuring bel- 
lows, which are of approximately 100 
sq. in. area, liquid filled, and whieh 
load directly into mercury manom- 
eters. Repeated calibrations over a 
considerable length of time have shown 
these bellows to maintain their calibra- 
tion to less than 1 %. The exhaust-pipe 
seal is generally made of glass cloth. 

Because the early cells were located 
among a group of manufacturing 
buildings, a 45-deg. inclined brick- 
faced deflection wall was constructed, 
os shown on the right-hand side of Fig. 
2. No trouble has been experienced 
with these deflecting walls on 1-16 and 
1-20 engines; but an 1-40 engine will, 
in a matter of hours, not only blow 
the bricks off but also %-in. steel 
plates anchored down. However, %-in. 
steel plates, welded into approximately 
12-ft. x 12-ft. pieces, have stood up 
satisfactorily. 

The three principal faults of the 
cells are: (1) Very high operating 


noise level; (2) exhaust gases feed back 
into the compressor inlet under cer- 
tain conditions; and (3) engine cool- 
ing air is fed back into the compres- 
sor inlet, resulting in high average 
inlet temperature. 

To correct the first two major ob- 
jections, inlet and exhaust silencers 
have been added. When air-flow meas- 
urements are made, the engine exhaust 
pipe is sealed off in the normal man- 
ner. The exhaust gases pass first 
through the exhaust-pressure measur- 
ing section to the exhaust diffuser sec- 
tion, to the water cooling spray, to 
the exhaust pressure control damper, 
to the silencer section, and to the ex- 
haust tail pipe, which discharges the 
gas vertically upward approximately 
35 ft. above ground level. The exhaust 
gases thus have little chance of get- 
ting back into the inlet where air is 
taken in, approximately 12 ft. above 
ground level. 

Recent cells are of the type shown 
in Fig. 3. These have been made suffi- 
ciently large to take engines of the 
1-40 and TG-180 size. The air-inlet 
silencer and exhaust silencer have 
been constructed similarly to those used 
in conventional aircraft engine test 
cells. Exhaust-gas cooling is affected 
by mixing approximately two to three 
parts of inlet air to one part of exhaust 
gas. 

An augmenting tube in the horizontal 
section of the exhaust-stack duct re- 
duces the pressure in the exhaust-pres- 
sure balancing chamber (just following 
the exhaust jet nozzle of the unit) to 
a pressure somewhat below that exist- 
ing in the forward section of the main 
test cell. This allows a pressure drop 
across the cell baffle. Remainder of 
the pressure drop is between the rear 
section of the test cell and the exhaust- 
pressure balancing chamber. 

These pressure drops cause cooling 
air to pass through and around the 
baffle on the engine, then out the rear 
part of the cell and to the exhanst- 
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Air Conditioning 
Turbine-Propelled Aircraft 


PART I 


By H. J. WOOD, Project f AiReraard, Mfg. Co. 

Since speeds over 500 mph. make cabin cooling absolutely essen- 
tial, this discussion of refrigerating systems is vital to airplane 
design, production, and maintenance engineers. Besides giving 
fundamentals of a new art, this important article shows the great 
need for close cooperation between airframe, power plant, and 
equipment designers. 


A more than 500 mph. has made 
provision for refrigeration means 
for cabin cooling an absolute necessity. 
Human endurance to high temperature 


becomes the absolute speed limit unless 
such means are provided. 

The air cycle system, which may take 
many forms, appears to be the lightest 
and most prnciical refrigeration method 
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Fig. 1. Refrigeration load lor o fighter plana. 


for aircraft with gas turbine power 
plants, but the design of such systems 
must be closely integrated with air- 
plane and power plant design. 

It is with the hope of promoting this 
necessary dose cooperation between all 
engineers concerned that the varied co- 
ordinating factors are presented here. 

Thus for, really high speeds have 
been associated with gas-turbine-pow- 
ered planes. Characteristic of all such 
planes is existence of a large aero- 
dynamic air compressor from which air 
may be bled in quantities suitable for 
cabin ventilation and refrigeration. 
This fortuitous circumstance has re- 
sulted in the use of air cycle systems. 

Although the possible combinations 
are myriad, all air cycle systems share 
the principle of using the expansion of 
air in a turbine to reduce its tempera- 
ture substantially below ambient values. 

Other means of cooling airplane cab- 
ins might be used, but weight and bulk 
so far have strongly favored this plan. 
Rockets or ramjets for propulsion pre- 
sent different problems, since the com- 
pressor is no longer available, and the 
air cycle may have less advantage in 
these cases. 

As the simplest case, let us assume a 
single-man fighter airplane, with the 
pilot’s enclosure an oddly shaped box 
of 30 to 70-cu. ft. capacity (a box 5 ft. 
long by 3 ft. square would be compara- 
ble). 

Imagine, then, a man sitting in such 
a box out on the desert, at noon in July. 
The upper portion of the box is trans- 
parent, and the sun’s radiation ponrs 
in, and, if filled with water pipes, prob- 
ably could make steam. However, as if 
that were not enough, our airman finds 
that the airplane designer has provided 
his box with various heaters that he 
cannot turn off; radio, radar, lights, 
and hydraulic equipment add up to 
the equivalent of a good-sized bath- 
room heater in the transparent box in 
the sun on the desert 

But, how hot is the desertt Why can 
he not just open a window and turn on 
an electrio fanT It would not be much 
better than being outside then. Un- 
fortunately, the desert air itself may be 
150 deg. F. This is rather hotter than 
most deserts we know, but, if the at- 
mospheric air is 110 deg. F., an air- 
plane Hying at 500 mph. through it will 
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fig. 2 -A. Cutaway drawing at typical application of "1 implu" syttnm shown in fig. 2. 


experience an increased air tempera- 
ture, due to ram effect. 

“Ram” temperature rise is simply 
expressed as: 


temp, rise in 
deg. F. 


The airplane skin temperature is ap- 
proximately the ambient + AT, and 
any air taken into the airplane will 
be similarly heated. Accordingly, the 
“effective ambient” temperature for our 
desert analogy becomes the atmospheric 
ambient plus the “ram” rise. 

If this picture of discomfort is not 
adequate, consider the fact that the 
poor pilot is likely to be wearing the 
equivalent of a fur coat. Wearing light 
clothes is dangerous if high altitude 
flight is included in the mission ; if he 
has to bail out at high level, he can 
freeze to death in his parachute. 

In actual fact, cockpit temperatures 
of over 150 deg. P. have been recorded 
with an atmospheric temperature of 
only 80 deg. P. Obviously, human en- 
durance can be exceeded. If high speed 
flight at low altitude is contemplated, 
the airplane designer must include 
cockpit cooling in his plans. It is just 
as important as is armament in military 
operations. 

A complete consideration of possible 
cockpit-cooling means is beyond the 
scope of this present discussion, but it 
is worthwhile to touch on approaches 
which differ from air-cycle methods. 
The simplest system, crudely used in 
wartime piston-engine fighters, is that 
of carrying along some ice. Dry ice is 
preferable to H,0, since less weight is 
required. 

Another solution is to adapt the 
vapor cycle of the household refriger- 
ator to the job — standard in ground 
air conditioning practice. 

However, these plans fade out when 
the magnitude of the cooling job is ap- 
preciated. Repeated analyses indicate 
that weight and bulk considerations 
greatly favor the use of air expanding 
through a turbine, or turbines. This 
conclusion is reached in spite of the 
greater power required for air-cycle 
cooling. 

To avoid looking too far over the 
horizon, this article is limited to air 
cycle systems which bleed their supply 
of compressed air from the compressor 
of a gas turbine. Systems operating 
from ram alone or supplying their own 
compressed air belong to separate 
fields. The latter type are now in use 
for transports. Perhaps conditions will 
change, but the bleed-off systems look 
the best for the problems with which 
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might be to have a cabin temperature 
adjustable between 85 and 80 deg. F., 
with relative humidity controllable be- 
tween 20 and 50%. This goal, of 
course, would have to be met with effec- 
tive ambient temperatures from +150 
to —65 deg. F., and true ambient hu- 
midity from 5 to 100%. To accomplish 
all this, we must be able to : Heat and 
cool air, add or subtract moisture, and 
provide a sufficient ventilation rate of 
fresh air. 

It must first be admitted that the 
“ideal” goal seems unlikely of achieve- 
ment in military aircraft because of 
weight, bulk, and drag penalties at- 
tendant. However, if uncomfortable 
but endurable conditions are chosen for 
design at extreme flight conditions, the 
pilot will be quite comfortable most of 
the time. 

In practice, bleeding hot air from the 
compressor seems to take care of heat- 
ing, and adding moisture seems to be 
out of the question because of addi- 
tional weight and bulk involved. Fur- 
thermore, subtraction of moisture to re- 
duce cockpit humidity is not yet being 
used in military aircraft. This would 
seem to limit the really complicated 
plumbing to the refrigeration job. 

If the criterion is an “endurable” 
condition, and it is presumed that any 
actual low altitude atmospheric condi- 
tion is endurable on the summer-tem- 
perature side, it would appear that a 
system that will reduce cabin tempera- 
ture to the true ambient value is ac- 
ceptable for extreme design figures. 
This implies that no moisture need be 
separated, since practical ventilation 
rates are so high that moisture addi- 
tion by personnel may be neglected. 

The choice of design conditions in- 
volves a thorough understanding of the 
airplane and its intended uses, and 
superficial analyses will result in bad 
systems, regardless of the merits of the 
equipment applied. In the design of a 
system, it is necessary to select the 
following conditions: 

1. Highest atmospheric temperature 
at sea level likely to be encountered. 

2. Highest airplane speed compatible 
with (1). 

3. Highest ambient relative humidity 
compatible and coincidental with (1). 

4. Highest acceptable cockpit tem- 
perature compatible with (1), (2), and 
(3). 

For a given set of conditions selected, 
the following may be determined: 

L Heat flow from airplane skin to 
cockpit by conduction. 

2. Heat added to cockpit by solar 
radiation. 

3. Heat rejected to cockpit by ac- 
cessories (lights, radio, etc.). 

4. Heat rejected by personnel. 

The sum of the above determinations 


constitutes the refrigeration “load” if 
no moisture is removed from the sup- 
ply air. Note that Items (1) and (4) 
are influenced by the cockpit tempera- 
ture chosen. Fig. 1 shows the load as a 
function of cockpit air temperature for 
a fighter airplane. 

If it is desired to reduce cabin hu- 
midity by moisture removal, the heat 
of evaporation of the separated water 
is added to the load. As Fig. 1 shows, 
a very rapid increase in load can re- 
sult. This method of calculating load 
differs slightly from commercial prac- 
tice, but is convenient in dealing with 

Much has been said about “environ- 
mental” temperature, and controversy 


rages as to just what is a comfortable 
or endurable condition. The airplane 
designer should study the literature in 
this field before selecting a cockpit air 
temperature, since humidity, air cir- 
culation, and radiation exposure all are 
involved. The advantages of adequate 
insulation increase when the influence 
of wall temperatures on comfort is ap- 
preciated. 

Once an air conditioning refrigera- 
tion load has been established by the 
airplane designer, the equipment engi- 
neer ean provide devices to do the job, 
for the number of possible air cycle 
systems seems to be limited only by the 
ingenuity of inventors. 

All air cycle systems contain some, or 
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all, of the following basic elements: 

1. Expansion turbines. 

2. Heat exchangers. 

3. Aerodynamic (axial or centrifu- 
gal) compressors. 

4. Fans (axial or centrifugal). 

Five systems which have been seri- 
ously considered (see Figs. 2, 3, 4, 5, 
and 6) are : The simple, the bootstrap, 
the regenerative, the reduced ambient, 
and the shoestring. 

In addition to the refrigeration 
“load” which has previously been de- 
scribed and defined, a similar special 
definition of a matching “capacity” is 
necessary. For a given set of design 
conditions, an air cycle system will pro- 
vide a definite amount of air at a defi- 


nite turbine discharge temperature if 
the air is dry. These values are readily 
calculated if efficiencies of components 
are known. Capacity, then, is based on 
this “dry air rated” discharge tempera- 
ture and the mass air flow. 

The assumption of dry air is not 
justified in service; however, as long as 
the dry air rated temperature is above 
the dew point of the atmosphere, no 
problem is introduced. Unfortunately, 
in the majority of cases, it is below the 
dew point. In such case, the turbine 
discharge temperature is not depressed 
to the dry air rated temperature due to 
precipitation of moisture in the form of 
fog. 

Tests have shown conclusively that 


the resulting temperature is the same 
as may be calculated by assuming that 
the air is first undercooled to the dry 
air rated temperature and then raised 
by an amount equivalent to the mois- 
ture precipitates. In fact, observations 
indicate that this is the actual physical 
process, since fog forms in the dis- 
charge at some distance from the tur- 
bine wheel. 

In view of the above, we may state 
that refrigeration capacity of a turbine 
is independent of water precipitation, 
and may be based on the dry air rated 
discharge temperature. Obviously, this 
implies that all of the entrained fog 
can be re-evaporated. If a portion of 
the fog is trapped and not allowed to 
re-evaporate, the corresponding heat is 
added to the “load”, as previously 

As a practical problem, it has been 
found very difficult to separate fog pre- 
cipitated in a tnrbine discharge from 
the air stream. Droplet size is so fine 
that precipitation or filtration is not 
readily accomplished. For the same 
reason, re-evaporation is very fast. Ac- 
cordingly, unless it is worth serious 
penalties in weight and bulk, military 
aircraft installations should not at- 
tempt to separate water from the cabin 
air supply. 

Cupacity may then be arbitrarily de- 
fined as: 

C-WX(T.-T 4 )X C, (in Btu./min.) 

Where: W - Cabin air flow in lb./min. 

T, — Cabin air temperature. 

Tt = “Dry air rated" turbine dis- 
charge temperature. 

C, - Specific heat of air. 

Since both load and capacity are 
functions of cabin temperature, a com- 
plete system analysis should show an 
intersection plotted as in Fig. 1. 

It should be apparent now that 
rating a piece of equipment of this 
type is very difficult, for the following 
variables influence the capacity as de- 
fined : 

1. Pressure of bleed air from gas 

2. Temperature of bleed air from gas 
turbine. 

3. “Effective” ambient temperature. 

4. Turbine discharge pressure. 

5. Cabin air temperature (in cabin). 

6. Ram pressure in coolant circuit. 

As all of these vary with airplane 

speed and altitude, there is no simple 
answer to the question, “What will it 
dot” A complete problem statement 
to the equipment engineer must include 
a plot of all of these variables for the 
flight conditions in which we are inter- 
ested. So far, most of the above are not 
well known for any airplane, and every 
new installation involves a development 
flight test program. 
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Armstrong Whitworth 
Jet Powered Flying Wing 


Sweptback wing employs low speed boundary layer control and 
precision manufacturing to keep laminar flow surface to close 
tolerances. 


L atest British development in 
flying wing type aircraft is the 
Armstrong Whitworth AW-52 
(E. 9/44), a 33,000-lb. gross wt. twin 
jet propelled unit developed from the 
recently-flown AW-52 flying wing 

Fundamentally, the craft is the sec- 
ond phase of a long range research 
program planned to culminate in high- 


speed jet-propelled mail or cargo types, 
and possibly passenger-carrying craft. 
It is fully instrumented for test pur- 
poses, and power-operated dive flaps 
will be fitted to the underside of the 
wing to give additional control in high 
speed dives. 

The AW-52 carries a pilot and ob- 
server in a pressurized cabin fitted with 
the Martin-Baker jettison unit. Al- 


though it has a 4,000-lb. mail capacity 
and could possibly be used as a mail 
carrier, it is not believed the craft will 
be put in production for such purposes. 

Present plans call for construction of 
a third-stage craft, having about 230-ft. 
span and powered by six jet units. 
The fourth stage might be a passenger 
carrying unit. Since passenger height 
would determine wing thickness and 
consequent size of the aircraft, it is 
estimated that minimum economical 
size would weigh from 180,000 to 200,- 
000 lb. 

Longitudinal and lateral control in 
the AW-52 are achieved by one surface 
control (called the controller) on each 
wing, functioning as both elevator and 
aileron. This is partly balanced by a 
shrouded forward surface sealed at 
both nose and hinge, the balance cham- 
bers being vented to insure stick-free 
stability. Further balance is provided 
by a geared spring tab. 

The controller is carried behind a 
Dowty hydraulically operated surface 
(called the corrector), the principal 
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Static Stability Analysis 
For Flying Boats and Seaplanes 


PART III 


By ERNEST G. STOUT, Head of Naval Aircraft Research, Consolidated Yu! lee Aircraft Carp. 


Further developing his concise examination, Hydrodynamicist Stout 
discusses the salient considerations ot float design and required 
float displacement. 


I N CONVENTIONAL PLYING BOATS and 
seaplanes, it is necessary to locate 
the wing and power plants high 
on the hull to provide spray clearance 
for the propellers. Since the wing is 
also used to house a large proportion 
of the fuel, and in the case of military 
aircraft, the offensive armament — 
bombs and mines — the C. G. is invari- 
ably high and above transverse meta- 
.center. As observed from Fig. 2 (Part 
I, Dec. ’44 Aviation), if the meta- 
centrio height is negative— C.G. falls 
above Ilf— then the vessel is trans- 
versely unstable. To obtain static 
transverse stability it is necessary to 
provide an external righting or restor- 
ing moment. This requires the use of 
some form of lateral hydro-stabilizer 
in the form of a sponson, or more com- 
monly, outboard floats. Proper size, 
shape, and location of the floats are 
very important to overall design; hence, 
using the principles previously dis- 
cussed, design of this important sea- 
plane component will be analyzed in 
detail. 

As in the main hull, special effort 
should be made to not only provide 
static buoyancy required, but also to 
assure clean running and ruggedness. 
A good float must satisfy all of the 
following conditions: 

1. Displacement must be adequate to 
prevent wing tips from submerging in 
a heavy sea or cross wind. 

2. Floats must be located so that 
static angle of heel is small, to prevent 
excessive roll during early stages of 
takeoff and at rest. 


3. Floats must have good hydro- 
dynamic form, which consists of a high 
bow with sharp entry to prevent plung- 
ing when encountering rough water, 
flare to reduce the spray, and a large 
well formed planing surface designed 
to present small initial area at high 
speed but capable of picking up 
dynamic lift and buoyancy rapidly at 
low speeds with small increases in 
djaft. 

4. Unless completely retracted with- 
in the aircraft structure, floats must 
have clean aerodynamic lines. 

Despite the apparently conflicting 
requirements there are certain basic 
principles that have been established 
by years of laboratory and flight test- 
ing experience, which should serve as 
guides to good float design and which 
will give floats to satisfactorily meet 
all of these conditions. Foremost 
among these general criteria is the 
overall proportion of length, height, 
and beam. For satisfactory displace- 
ment characteristics, depth should not 
be excessive. It is possible to meet 
submerged displacement requirements 
with a very deep float which has little 
waterplane area. However, the rate 
of increasing buoyancy with draft 
would necessitate excessive roll or heel 
angle to obtain the required buoyancy, 
which is not satisfactory. In general, 
float height should be very nearly equal 
to beam, and ratio of length to beam — 
fineness ratio— should be not less than 
4.5, and preferably 5.0 to 5.5. 

High fineness, or as it is usually 
called, high length-to-beam ratio, is 


very desirable from many considera- 
tions. By making the float as long as 
consistent with good structural design 
the buttock and waterlines are fine with 
little curvature, thus providing easy 
entry of the float into encountered 
waves. As stated previously, for opti- 
mum float performance it is desirable 
that the initial contact be small with 
very little displacement — to prevent 
tearing off or hooking a float at high 
planing speeds. However, at low plan- 
ing speeds it is desirable to pick up 
displacement rapidly with small in- 
creases in draft; and, finally, the bow 
should be high to prevent submerging 
a float while maneuvering in rough 

These requirements can best be met 
if the float has sufficient length ; for the 
bow will be high at nominal angles of 
trim, despite float’s shallow physical 
depth. Also, by terminating the float 
stern in a sharp point this small area 
knifes the water cleanly and provides 
adequate restoring moment for high 
speed contacts with the water. Yet, 
where large displacements are required 
at low speeds, the large waterplane 
area provides buoyancy rapidly with 

to these advantages, added length of 
the high fineness ratio float provides 
the required displacement or volume 

is beneficial from an aerodynamic 
standpoint 

Float bow should have sharp water- 
lines, obtained by using relatively high 
deadrise angles near the bow while 
maintaining the width with substantial 
flare. This chine flare can die out at the 
m a ximum beam, and at this point, 
deadrise should be down to approxi- 
mately 25 deg., which is then usually 
held constant to stern post Deck 
should be well rounded so that water 
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may be shed easily when the float buries 
in a wave crest. For good planing 
characteristics, float keel should be set 
at least 6 deg. to static free water sur- 
face. For cases where the angle is less, 
it will probably be necessary to in- 
corporate a transverse step in the 
float bottom to break planing suction. 
Such step presents a large initial area 
to the water and in combination with 
the resulting low bow with low angle 
the high speed and rough water per- 
formance is compromised. 

Floats should be placed as far out on 
the wing span as possible, since this 
results in maximum righting moment 
for a given size float. Vertical loca- 
tion of floats should be such that static 
angle of heel, at normal design gross 
weight, does not exceed 2 l /z deg. For 
craft with large overload capacity it is 
advisable to design close to 2 deg. 
heel so that adequate clearance will 
exist for overload takeoffs. This con- 
dition can usually be met with stern of 
the float riding a few inches above the 
water surface at zero heel. 

In the past, seaplanes have been 
designed with inboard floats, that is, 
floats are located close in to the hull 
and therefore, are relatively rather 
large. While such a location is not ree- 


exist which require such placement. 
Inboard floats are located with an in- 
itial at-rest displacement just sufficient 
to provide a continuous slope to the 
curve of restoring moment measured 
from zero heel. This usually requires 
an initial displacement at zero heel of 
10 % of the submerged displacement 
but in no ease should more than 25 % 
be used, since the greater draft, while 
increasing the initial transverse sta- 
bility, results in large increases in 
resistance as the floats run in the water 
and support part of the gross load up 
to hump speed. 

If floats are to be retracted they 


should be at least 50% submerged in 
the structure of the craft in the re- 
tracted position, to save enough drag to 
pay for the added weight and complica- 
tion of the mechanism. For any con- 
dition where less than 50% can be 
submerged in the structure, fixed floats 
of good form, mounted on a single can- 
tilever strut, or possibly a pyramid 
arrangement, are superior, primarily 
because of weight savings and better 
form and fineness ratio usually possible. 
An exception to this general rule is 
the extreme wing tip retraction, which 
has been used successfully. Because 
of vortex action and beneficial effect 
of endplates on a wing tip, this location 
has been found to be a desirable place 
to locate items of high drag, such as 
auxiliary fuel tanks on fighters apd 
even gun turrets on large bombers. 
For this same reason a float may be 
retracted to the extreme wing tip, and, 
in many cases, show an appreciable 
gain in high speed over the fixed in- 
stallation. 

It is obvious that the optimum pro- 
portions and form discussed are not 
always attainable in a specific design 
where other factors influence the over- 
all configuration. This is particularly 
true where attempts are made to re- 
tract the float into existing structure. 
The space available for such retraction 
is usually limited, particularly in 
length, and dictates odd forms. If such 
compromises are necessary extreme 
caution should be exercised and the 
resulting float should be carefully 
checked in a towing basin to assure 
satisfactory characteristics. A poor 
float can very easily ruin an otherwise 
good design, and its slight aerodynamic 
or structural savings may be entirely 
lost in the final overall loss of perform- 
ance Finally, regardless of the basic 
type of float selected, it should be di- 
vided into at least three well-vented 
watertight compartments, no one con- 


taining over 40% of the total sub- 
merged volume. 

Thus far, no mention has been made 
of sponsons, or seawings, as they are 
often called, which are a form of trans- 
verse righting moment that has been 
employed to some extent in the past. 
These devices were originally developed 
and used extensively by the Germans; 
however, for modern aircraft they arc 
not considered good design and there- 
fore will not be considered in detail. 
Their design is very critical and usu- 
ally results in an expensive cut-and- 
try development on the full scale air- 
plane, and hence no specific criteria 
can be laid down. There are several 
outstanding disadvantages : 

1. Sponsons are unsatisfactory for 
long range planes because of extreme 
variations in loading for this type of 
craft. For low takeoff resistance, 
sponsons must be set for maximum load 
condition. For light load landing con- 
dition at end of flight, draft has de- 
creased so much that sponson is prac- 
tically out of water and a very large 
heel angle is required to obtain trans- 
verse equilibrium. 

2. Because of close proximity to 
hull centerline, displacement of sea- 
wings must be very large to obtain ade- 
quate righting moment. 

3. The argument has been errone- 
ously raised that seawings add to lift 
of the plane, hence are beneficial. This, 
of course, is bad analysis, for the aspect 
ratio is so small that lift obtained from 
seawing is bought for a very high price 
in induced drag. It would be much 
more economical to add the seawing 
area to the wing area if more lift is 

Fig. 10 illustrates the various float 
combinations that have been discussed. 
Retractable float shown for the German 
BV-238 is typical of the compromised 
forms resorted to, so that the float can 
be submerged in wing. Even here ap- 
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proximately 15% of float protruded as 
a bulge on lower wing surface. Wing 
tip retraction shown is the method used 
very successfully on Convair’s Catalina 
and Coronado flying boats. 

In practically all flying boat and 
seaplane designs tbe following formula 
(41) (from BuAer Specification SR- 
59) is used to determine the overall 
submerged displacement required for 
each float. Extensive full scale ex- 
perience has agreed with the validity of 
this expression. Numerous airplanes 
have been built with floats smaller than 
indicated by this formula, and invari- 
ably float size has been increased to 
substantial agreement before being ac- 
cepted as satisfactory. This minimum 
submerged displacement for each 
auxiliary float is given (in SR-59) by 
the expression: 

(41) 

where A is submerged displacement of 
each side float, lb.; W, normal gross 
weight of seaplane, lb.; I, distance be- 
tween C.B. of side float and center line 
of seaplane, ft.; ft,, effective height of 
C.G. above C.B. of main float or hull, 
ft.; 9, angle of heel required to sub- 
merge side float, deg.; 6, wing span, 
ft. ; and S, total wing area, sq. ft. 

Total submerged displacement- given 
by Eq. 41 is a required minimum and 
must be further investigated in most 
cases to determine adequacy for spe- 
cial conditions. First term within the 
brackets is result of the inherent up- 
setting moment caused by the effective 
destabilizing height of C.G.; second 
term is result of the effect of wind on 
wings; and third term represents a 
reasonable excess restoring moment 
based on accumulated experience. Cer- 
tain off-center loading conditions exist 
in service operation for any specific 
design. Upsetting moment because of 
off-center loading must be less than the 
reserve righting moment represented 
by this third term in Eq. 41. Quoting 
from BuAer Specification SR-59, fol- 
lowing typical off-center investigations 
are required for military seaplanes : 

a. Class VP (Patrol Search). As- 
sume two members of crew (400 lb.) 
on one wing tip. (Simulates hand- 
ling). 

ft. Class VP. Assume full load of 
bombs or torpedoes on one wing only, 
together with bomb or torpedo hoisting 
gear and two men (400 lb.). Normal 
crew aboard. (Simulates handling of 
bombs). 

e. Seaplanes with wing fuel tanks. 
Assume full tanks in one wing only, 
together with two men (400 lb.) at 
inboard, if more than one tank filler 
opening. (Simulates fueling). 

d. All seaplanes. Assume worst con- 


dition of flooded compartments as de- 
termined in accordance with BuAer 
Specification SF-1, of latest issue. 
(Simulates damaged afloat condition). 

«. All biplanes, except Class VP. 
Assume one member of crew (200 lb.) 
at outboard interplane struts. (Simu- 
lates handling). 

f. Monoplane seaplanes, except 
Class FSB. Assume one member of 
crew (200 lb.) on wing tip. 

These conditions are typical and 
must be computed for naval aircraft. 
In addition any other special case for 
the design involved should be studied. 
If a particular condition results in 
an excessive increase in displacement 
it will be necessary to clearly placard 
the aircraft for such condition, and 
design an alternate procedure. 

Given the hypothetical design as- 
sumed in Fig. II, which has the basic 
characteristics given in Table I (be- 
low), a sample computation for the 
minimum required auxiliary float dis- 
placement will be made. 

Table I — Characteristics for Exem- 
plary Class VP Flying Boat 


Design gross weight, lb 117,000 

Wing span, ft 145 

Wing area, sq. ft 2,100 

Wing loading, lb./sq. ft.. . 55.7 

Float arm, ft. 52.5 

Static draft, in 65.0 

(at step centroid) 

Vertical C.G. height, ft 14.66 

(above baseline) 

0, heel angle to submerge 
float, deg 7.3 


We will assume that the calculation 


shown in Fig. 7 (Jan. Aviation) rep- 
resents the moment of inertia of the 
hull waterplane area, I, for this as- 
sumed design. Where I from Fig. 7 
is 4,660 ft.* then, 



(42) 


and given, 

C.O. ™ 14.66 It above baseline (43) 
Extensive experience and calcula- 
tions on many hulls has indicated that 
the vertical height of center of buoy- 
ancy of a seaplane hull is given very 
closely by, 


12 


(44) 


where d is the static draft of the hull 
in inches at the step centroid measured 
vertical to the free water surface. 
With d given as 65.0 in., C.B. is 
therefore, 

„ „ .65 X 65.0 ~= 3.52 ft 

CM - 12 above baseline «*> 


Hence, referring to Fig. 11, 
ft. = 14.66 - (2.55 + 3.52) = 8.59 ft 
(46) 

This value of ft. does not include the 
effect of free liquid surfaces in par- 
tially filled tanks. If required, this 
additional A BM must be considered. 
For this example it is assumed that all 
such tanks are adequately baffled and 
the effect is negligible. 

Substituting in Eq. 41, minimum re- 
quired submerged displacement will be : 
A - £ 1.092 + 0.260 + 2.930 J 

= 9,530 IK displ. (47) 





Fi 9 . It. Fundamental dimensions required in solution lor trs 
theticol seaplane. 


static stability for lyp o- 


AVIATION, Fe 


ary, 1947 


PRACTICAL ENGINEERING 

OF ROTARY WING AIRCRAFT 


A 8 noted in our preceding install- 
A-\ ment, two unstable speed ranges 

two-bladed rotor. * Lower* Instability 
range lies between the two critical 
speeds as defined by Eq. 24. Range 
occurring above critical speed can best 
be determined from a plot of o>.' vs. 
$2' as shown in Pig. 11, where the limits 
of stable operation are denoted by 
points A and B. Eq. 20 defines the un- 
stable speed ranges. 

Speed at which instability occurs is 
sensitive to magnitude of the term 
nm/(M + nm) e ’, and shows a progres- 
sive increase as the blade mass ratio 
increases. At nm/(M + nm)c — .50 
the stable region extends to infinity and 
no upper range of rotor instability 
exists. 

Three-blade rotor exhibits a single 
range of instability occurring above the 
critical speed. The range is again com- 
pletely determined by a plot of <o.' vs. 
$2'. In Pig. 10, points A and B denote 
the speed limits of stable operation. 
The frequency equation (17), for ro- 
tors, of n Si 3 blades, defines the un- 

Mid-point of the unstable speed 
range can be easily determined for the 
multi-blade rotor (o S 3). At the speed 
O'. corresponding to the unstable 
range mid-point, frequency of ship 
oscillation equals natural pylon fre- 
quency, and frequency of blade oscilla- 
tion in the rotating system is equal to 
natural pendular frequency of a blade 
turning at the speed $ 2 '„. 

Prom Eq. 13 (Part VI, Deo. 1946 Avi- 
ation), ay - + (ajyo)* , and 

»\ - ^(O-)’ £ + (»\o)*. And since, 


(1 - «'.)» - (O'.)’ yj + (a'yeY 


From Eq. 25 a direct determination 
may be made to locate the middle of 
the unstable speed range. 

Instability region for » bladed ro- 
tors can be eliminated by provision of 
sufficient “product” damping in the 
alighting gear and blade hinges. If the 
frequency Eq. 17 and 20, modified to 
include the effect of damping terms, are 


By JOHN E. MCDONALD, Engineering Staff, Autogiro Company of America 


Rounding out his succinct contribution to this authoritative series. 
Engineer McDonald analyses unstable speed ranges and damping 
requirements, then gives a sample solution of a ground vibration 
problem. 


plotted for higher damping values, it 
will be found that the gap between 
curve branches 1 and 2 is eliminated 
(Fig. 13). Specifically, the complex 
roots of the frequency equations cease 
to exist when sufficient damping is in- 
troduced. 

Approximate damping magnitude re- 
quired for suppression of instability 
can be determined as follows: 

1. Determine from undamped equa- 
tions, the rotative speed $ 2 '„ corre- 
sponding to the mid-point of the un- 

2. Substitute in the “real” damped 
frequency equations, value !2'„ = 12'. 

3. Determine by trial, minimum val- 
ues of damping parameters X, X, which 
yield real values of o>'.. This task is 
simplified by assuming a real value of 
<o'. equal to (£2'. - 1) and finding con- 
sistent values for X, X,. 

“Real” damped frequency equation 
for the two-blade rotor becomes : 

[4(n0>(wy* - ((«')* + (“'•)* - IP] 

[(siT' + (<■>'.)* - »1 + x* Ka')* - («'.)’) I - 
(«'.)* + (•a',.)’ + £(n')’] - 
2X X, («'.)* [($20* - («'•)• + 1] “ 0 (20a) 

“Real” damped frequency equation 
for the three (multi) blade rotor is 
written : 

[l -(o/.- $10*] [(*'*)> + £ (no* — 

-1 nm — OQ* 

( J 2(M + nm)<* 

a'. («'. - 120 X X-r - 0 (17a) 


Since damping parameters X, X, are 
related to the damping coefficients by 
the equations: 


1 - «+[„)., 



determination of the velocity damping 
coefficients B and B, is routine. Those 
familiar with problems of vibration will 
notice that X corresponds to twice the 
fraction of critical damping evidenced 
by craft oscillation at frequency ov 
Most often, damping means provided 
in the alighting gear or at the blade 
hinge is of the dry friction or hydraulic 
type, and rarely would the damper 
characteristics approximate those of 
the linear velocity type. Simplest 
method of establishing equivalent re- 
quirements for friction damping or 
hydraulic damping is to equate energy 
dissipations existing in the several 

types ‘ • 

If the primary concern is with blade 
hinge damping, equivalent energy dis- 
sipations may be written: 


IF. = t By a, W 

(dissipation by linear velocity damper) (26) 


IF, - 4 Tot. 

(dissipation by dry friction 
torque To) 


havin 

(27) 


1F» - W to* 

(dissipation by hydraulic damper having 
characteristic, torque - K (w.yo)') (28) 


In the foregoing, to. is the frequency 
of blade oscillation at rotative speed 
corresponding to mid-point of the un- 
stable range (to. = $2„ — o>,). The 
symbol y. represents a purely arbitrary 
value of angular blade displacement. 
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In connection with the determination of 
equivalent friction damping y„ should 
be assumed to be the most extreme in- 
crement of blade displacement which 
might be induced by a violent landing 
shock or other disturbance. (y„ is found 
to be of the order of 1 or 2 deg. in cur- 
rent types.) 

Equating 26 and 27, 

To - —By to 

In determination of equivalent hy- 
draulic damping, y„ is assumed to be 
a small blade displacement of such 
magnitude that very slight ship dis- 
placement is associated therewith. 
Equating 26 and 28, 



Application of Theory 

A sample solution of ground vibra- 
tion problem for rotary wing craft, is 
as follows: Determine critical speed, 
center of unstable range, and magni- 
tude of blade friction damping required 
to eliminate instability in a rotor-craft 
having these characteristics — number 
of blades, w = 3; blade mass, m = 
2.09 slugs; vertical hinge offset, a = 
.646 ft.; distanee to blade C.G., b = 
8.08 ft.; effective hub mass, M = 1.9S 
slugs; blade parameter, i — 1.428; 
natural pylon frequency, co, = 4.93 
rad./sec.; and static pendular blade 
frequency, <i>,„ = 0 rad./sec. 


Critical speed ratio $2' is determined 
by substitution of values in Eq. 23. 


- .265 (no* ■ 

- .416 X 4.93 


12m = $2'„ X a, = 1.31 X 4.93 = 
rad./sec. 

First step in determination of blade 
damping requirements is the numerical 
solution of Eq. 17a for the value XX,. 
As an aid to solution, substitutions are 
made as follows: 

= .31 

Eq. 17a is written: 

,0, [—, 

111 1 2(1.98 + 3X2.09) 1.428 

- .31 ( - 1) X X, - 0 
0 - .265 + .31 X X, = 0 


Magnitude of the paran: 


istics of the alighting gear, but most 
designers prefer to estimate its value. 
The value X, numerically, is found to 
be twice the “fraction of critical damp- 
ing” evidenced by the el-aft moving on 
its gear. Experience will show that 
even a poorly damped gear will demon- 
strate five percent of critical damping. 
Employing this fact as a conservative 
starting point, we may establish the 
value: 

X ~ .10 
Hence X, - 8.55 
Since By - \ym» *a. 

By = 8.55 X 2.09 X (8.08)* X 
1.428 X 4.93 
By - 8,100 

In the determination of equivalent 
friction damping from the formula : 

To - By wo to 
we must substitute the value: 
o>. = £2„ - w, = 6.45 - 4.93 = 1.52 
rad./sec., and employ an arbitrary 
value for y«. (We shall use a value 
y. = 2 deg. = 2/57.3 rad.) 

Thus: 



To - 336 lb. -ft. 


Actual magnitude of friction damp- 
ing employed on the actual aircraft 
possessing the specified characteristics 
was a conservative 400 lb.-ft. 



Fig, 13. Effect of damping on rotor Instability, tiro- and three- (or more) bladed rotors. 
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PLANT PRACTICE HIGHLIGHTS 


Use Special Bar Attachment 
To Crane-Move Heavy Racks 

•This special steel bar with sliding engagement 
eye has been devised by Ryan Aeronautical Co. 
for quickly moving heavy storage equipment 
between plant locations. 

To cope with change in production require- 
ments necessitating movement of storage racks, 
parts bins, and other facilities, bar is placed 
over equipment to be moved and is quickly con- 
nected. Then hook from traveling overhead 
crane is engaged in bar sliding eye and entire 
structure is rapidly lifted, moved, and placed in 
new location. Using this device, production 
needs are met without delay, and flexible assem- 
bly line is maintained. 




Automatic Conveyor 
Speeds Welding Process 

• This automatic conveyor, designed and built at Ryan for 
use with atomic hydrogen welding torch, expedites fabrica- 
tion of straight stainless steel sections. 

The welding process, offering many advantages for use 
with corrosion-resistant stainless steel, is dean and fast. 
And it adds no carbon to the welded metal — a feature which 
is important in manufacture of high-temperature aircraft 
exhaust systems, because added carbon may reduce corrosion 
resistance of the steel. Welding time is also a critical factor, 
because carbon precipitates out of the stainless steel at 
temperatures from 800 to 1,500 deg. F. Within this tem- 
perature band, the carbon may form harmful chromium 
carbides which opens path for intergranular corrosion. 
Hence, welding heat should be applied for minimum pos- 
sible time to leave the steel formula unaffected. 

With the automatic conveyor Ryan welders can step up 
the seam welding of exhaust manifold sections to 28 in. per 
min. Smooth, strong welds are obtained, and the parent 
metal retains original constituency. 
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A simplified method of statically 
balancing propellers in a hori- 
zontal position has now been developed 
by Sutton Mfg. Co., of Dayton, Ohio, 
which calls only for a suspension point 
— over a workbench if necessary — and 
a portable kit of equipment. Its prin- 
ciple is shown in the cross section 
drawing, Pig. 1. 

The portable kit includes front and 
rear cone adapters for 10, 20, 30, 40, 
50, and 60-spline hubs; suspension 
shaft and cable assembly; top and bot- 
tom nuts ; spacers and wrench. 

In operation the propeller is re- 
moved from the plane, then front cone, 
snap ring, and retaining nut are dis- 
assembled. Next, electric or hydraulic 



Prop Balancing 
Simplified 

New system requires minimum of equipment and space. 


power units are removed and the hub 
interior thoroughly cleaned. 

Then proper adapters are attached 
to assemble the balancing unit (see 
Fig. 2). Proper suspension point can 
be determined for different propellers, 
as shown in the accompanying table. 

Now the unit is suspended from a 
chain hoist or crane. If the prop is out 
of balance, the free floating disk over 
the vertical center line of the shaft will 
not be concentric with the ring just be- 
low it (see Fig. 3). Temporary weight 
must then be added to the opposite side 
until the ring is completely covered by 
the disk, as shown in Fig. 4, when the 
weight can be calculated and added, as 
necessary, to blade or blades. 
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FOR BETTER DESIGN 


GRUMMAN'S NEW MALLARD 
HAS NOVEL REFINEMENTS 


Concluding this study, details are presented concerning cabin fea- 
tures, auxiliary step, integral fuel tanks, and engine mounting. 



Fig. 5. Rich-grained Flexw ood paneling in Mallard cabin effectively complement! doll 
upholstery. 


U pholstered interior of the Mal- 
lard is effectively highlighted by 
contrasting panels of Flexwood — a 
Mengel-U. S. Plywood product This 
paneling (Fig. 5), consisting of 
1/85-in. fine wood veneer sheeting 
bonded to a fabric backing for flexi- 
bility, is attached to the metal interior 
with Goodyear Pliobond — synthetic 
rubber cement — then waxed and pol- 

Space between cabin and baggage 
compartment at fuselage rear is occu- 
pied by Flexwood-finished lavatory, 
equipped with window, wash basin, 
mirrors, shelf, and with chemical toilet 
concealed, when not in use, by full size 
upholstered seat. 

Auxiliary Step 

To eliminate swerving in slow-speed 
water taxiing, small auxiliary steps 
(Fig. 6) are located just ahead of sec- 
ond step on hull afterbody. These 
auxiliary steps provide straight-aft 
flow patterns, thus eliminating irregu- 
lar flow normally encountered around 
second step. 

Integral Fuel Tanks 
Fuel is stored in the wing center sec- 
tion box beam assembly (Fig. 7). Each 
integral tank has 175-gal. capacity and 



(indicated by arrow), on hull afterbody, to 
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is delineated by rib members, front and Fig. 7. Details of 

rear beams, and upper and lower skins. 

Three access holes in front beam and 
two in rear beam are of 6'/2-in. dia. 

Stoner-Mudge sealant (68% dispersion 
of thiokol, carbon black, and other in- 
gredients in methyl-ethyl-ketone) coats 
all inner surfaces of the tank with a 
rubber-like film. With this installation, 
area between stringers and stiffeners 
(not utilized with bag type cell or rigid 
tank) is used for fuel storage. Bib 
adjacent to hull side of tank is pro- 
vided with fume and fire seal, so that 
any leakage past inboard end of tank 
space is trapped and drained overboard 
instead of into cabin. 

Aft half of each wing tip float, also 
treated with Stoner-Mudge sealant, 
provides additional fuel storage space 
(optional feature). 

Wing tank fuel is utilized first, then 
fuel from float tank is pumped into 
wing tank. If auxiliary fuel pump 
which services the float tank is turned 
on when wing tank cannot accommo- 
date more fuel, float supply will be 
vented overboard. 




Engine Mounting 

Each power plant, its accessories, 
cowling, and mount comprise a quick 
change unit removable from the fire- 
wall, materially reducing engine change 

Engine is rigidly bolted to engine 
mount ring, which in turn is rubber 
shock mounted to firewall (Fig. 8). 
This arrangement allows for integral 
deflection of engine and ring, as a unit, 
and tends to eliminate former vibratory 


Accordingly, attachment of those ac- 
cessories which are hung from the ring 
and joined to the engine, is greatly 
simplified, since need for mounting ac- 
cessories on ring with flexible connec- 
tions is thus obviated. 


Fig. 8. At upper left is one of tour rubber shock mounts between mount ring and firewall. 
Engine is rigidly mounted to ring to provide integral deflection of these installations. 
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FLYING EQUIPMENT 


Home-Made Roadable 
Readied by L.A. Inventors 

Whitaker and Zuck display ingenuity in two-seater 
Plane-Mobile built in their spare time at low cost. 


D evelopment of a unique personal 
roadable plane is underway in 
Los Angeles with completion of 
a prototype embodying several inter- 
esting features including variable-inci- 
dence folding wings, retractable tail 
llaps, and use of two-control principles. 

A “backyard” project, the craft, 
named the Plane-Mobile, has been pri- 
vately financed thus far by its partner 
designer-builders, Stanley D. Whitaker, 
4983 Valley Ridge, Los Angeles, and 
Daniel D. Zuck, 3712 W. Adams Blvd., 
with production and assembly being 
done by themselves in their spare time. 
Now ready for (light testing, the craft 
is said to represent an investment of 
less than $500 in new and salvaged 
materials in addition to about 10,000 
man-hours of total labor expended. 

Data are given us by the builders as 
follows: Span 31 ft. 6 in., overall 
length 15 ft. 6 in., height 5 ft. 9 in., 


wheelbase 8 ft. 5 in., tread 5 ft., wing 
area 113.54 sq. ft., aspect ratio 8.75, 
wing loading 9.57 lb./sq. ft., horizontal 
stabilizer loading 3.45 lb./sq. ft., mini- 
mum flying speed 45-50 mph., weight 
empty 740 lb., and gross weight 1,160 
lb. Dimensions with folded wings are : 
overall length 10 ft. 10 in., overall 
height 6 ft. 4 in., and overall width 5 ft. 
11 in. 

Whitaker and Zuck planned the 
Plane-Mobile around the most favor- 
able roadability characteristics possible, 
even though it meant superimposing 
several compromises upon aerodynamic 
design. 

An independently-sprung three- 
wheel landing gear has been devised, 
with the front wheels steerable and 
cable-linked to the control wheel, and 
the rear wheel taking the transmission 
for driving on the ground. For good 
road stability the designers have locat- 


ed the wheels as far from the craft’s 
C.G. as possible — forward gear being 
positioned well forward of the wing 
leading edges. And in order to main- 
tain this characteristic without sacri- 
ficing flight qualities, it was deemed 

cidence wing. 

This evolved into a “floating wing” 
structure in which right and left wings 
are linked to the fuselage by means of 
bearings and are free to pivot around 
the center of lift axis. Each gull-wing 
has been equipped with what Whitaker 
and Zuck identify as an “ailerator” 
(aileron-elevator). This is a system 
linked to the control wheel to influence 
the wings’ angle of attack — uniformly 
for climb and descent, and differential- 
ly for turning. 

ed flaps, the Plane-Mobile is fitted with 
opposite-acting split-flap brakes, oceu- 
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pying the rear portion of the horizontal 
stabilizer. This mounting is said to 
eliminate pitching moment usually 
common to wing flaps. 

Another of the craft’s interesting 
features concerns wing’s folding and 
support system. Quickly detachable 
lightweight steel frames arc positioned 
ahead of the cabin and also upon the 
vertical stabilizers. Each wing section 
is unbolted from its supporting flight 
strut, and can be swung back over the 
fnselage to rest upon the forward and 
rear carrying frames and are then 
locked upon them in an overlapping 
position. The wing struts are stowed 
beneath the overlapped wings. 

Gears were adopted to feed control 
wheel movements into ailerator cable 
connections at the wing roots, ailerator 
gears unmeshing from control gears as 
the wings are folded baek. Ailerator 
and control wheel cables thus maintain 
their designed tension, and wc are told 
that no adjustment is required for 
rigging the plane for flight other than 
a check to sec that control wheel and 
ailerator gears are properly mated. 

Still to be added to the present craft 
is a hydraulic motor (already built and 
ready for assembly) for ground pro- 
pulsion, also a clutch for disengaging 
the propeller when the Plane-Mobile 
takes to the highway. The Continental 
engine will engage with a hydraulic 
pump carrying plumbing connections 
to a small hydraulic motor mounted 
just above the rear wheel and using a 
chain drive transmission. A four-way 
valve is to permit reverse drive. 

While the clean lines of the present 


Plane-Mobile attest to the careful 
workmanship of the builders, they have 
already planned a deluxe version with 
several refinements over the trial craft. 

The future model will be designed to 
have the cabin in tho forward section of 
a teardrop-shaped fuselage, ahead of 
a buried engine that will have two 
power transmission shafts — one to the 
rear wheel and one to a pusher prop, 
mounted behind the central fin. 

As laid out now, a modified Lycom- 
ing 0-290 of 125 hp. at sea level would 


be fitted, giving the Craft a sea level 
top speed of 155 mph., 140-raph. cruis- 
ing speed, 45-mph. minimum speed at 
1,400-lb. gross weight (using slots) . and 
normal range of 500 mi. on 26 gal. of 
fuel. Weight empty is estimated at 872 
lb., wing loading 11.50 lb./sq. ft., power 
loading 11.2 lb./hp., and service ceiling 
19,500 ft. Span is placed at 32 ft. 6 
in., height 5 ft. 2% in., length 18 ft. 
S% in., and wing area 116.24 sq. ft. 
Landing gear would be fully re- 
tractable. 


IT 
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Fiat Transport Marks Italian Comeback 



Large all-metal trimotor, built with Allied sanction, is stated to be 
medium-range high performance craft utilizing American or 
domestic power plants. 


A ccording to provisions of the 
peace treaty concluded by the Al- 
lies with Italy, that country is permit- 
ted to engage in restricted commercial 
and military aviation activities. Indica- 
tions are that little time is being lost in 
taking advantage of this situation, and 
a large new airliner, the Fiat G-212, has 
already been produced. 

Varied seating arrangements from 20 
to 40 have been conceived for this all- 
metal low-wing trimotor monoplane, 
powered by either 1,065-hp P&W 
R-1830s or 860-hp. Alfa 128RC18 en- 
gines turning three-blade full-feather- 
ing props. Fitted with P&Ws, and 
carrying 30 passengers, the G-212’s top 
speed is calculated to be 232 mph. at 
8,200 ft. Other data inolude a 38,280-lb. 
gross weight, 22,880-lb. empty weight, 


normal range of 1,552 mi., and a maxi- 
mum range, with 1,185 gal. of fuel, of 
1,863 mi. Ceiling is given as 22,468 ft., 
while the craft is designed to maintain 
flight at 13,776 ft. with one engine out. 
A crew of four is to be carried. 

Fuselage, of duralumin monocoque 
fabrication, has flat bottom and sides 
and oval-shaped roof. Empennage is 
cantilever. With wings set rather far 
back, and with the feature of a length- 
ened fuselage nose, the pilots are of- 
fered a high degree of visibility. All 
landing wheels are hydraulically re- 
tractable, though a small portion of the 
main wheels remains exposed. 

Span is 96.24 ft., length 76.67 ft., 
height 19.16 ft., propeller dia. 11.8 ft, 
tread 20.5 ft., and dihedral of outer 
wing panels 5 deg. 
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INDUSTRY-WIDE BARGAINING... 

Death Trap for Business, Suicide for Free Labor 


I F CONGRESS is to succeed in its present efforts 
to prevent strikes in key industries from devas- 
tating the nation, it will have to put a crimp in 
industry-wide collective bargaining. This kind of bar- 
gaining is designed to apply agreements between em- 
ployers and organized workers on wages and working 
conditions to an entire industry. 

Further, if extension of t hi s type of bargaining is 
not curbed, there is reason to believe that it will 
undermine the freedom of both American business 
enterprise and American wage earners. For, while 
increasing the destructive power of labor disputes, 
the general spread of industry-wide bargaining would 
so concentrate the fixing of wages— by far the largest 
element in the cost of production— that government 
regulation would be a next short step. With that step 
taken, freedom for business enterprise and freedom 
for labor would be well on the way out. 

Unfortunately, industry-wide bargaining is com- 
monly regarded as presenting a general conflict be- 
tween organized labor and employers, with unions 
favoring it and employers opposed to it. This mistaken 
notion raises the heat of much of the discussion with- 
out increasing the light. The fact is there is no such 
general conflict. Employers and organized workers 
are on both sides of the argument about industry- 
wide collective bargaining. For example, while some 
union leaders are characterizing as labor baiters all 
those who raise the slightest question as to the desir- 
ability of industry-wide bargaining, organized work- 
ers in the air transport industry are strenuously 
opposing that type of bargaining; and the employers 
are advocating it 

Some Employers Like It 
The reason there is in fact no clear cut issue be- 
tween employers and unions over industry-wide bar- 
gaining is readily understandable. It presents certain 
advantages to both sides in the barga in i n g process. 
For example, union advocates of such bargaining 
generally stress the fact that industry-wide agree- 


ment on wages protects wage standards from being 
undercut by lower wage areas and lower wage em- 
ployers. By much the same token, however, employ- 
ers who like it often emphasize the fact that industry- 
wide bargaining may save certain well-managed and 
prosperous companies from being singled out for 
particularly heavy wage exactions. This general point 
has been underlined in both the full-fashioned ho- 
siery industry and the West Coast paper and pulp 
industry. There, local unions, affiliated with interna- 
tional unions, have protested that industry-wide col- 
lective bargaining prevents them from getting from 
especially prosperous employers wages as high as 
they could get if allowed to go it alone in collective 
bargaining. 

So long as employers remain subject to the federal 
antitrust laws while unions are exempted, the bal- 
ance of power in industry-wide bargaining would 
seem to be heavily weighted on the side of the unions. 
If, for example, employers were to announce an inten- 
tion to match an industry-wide wage increase by an 
industry-wide price increase, there is no doubt that 
they would promptly be indicted for violation of the 
federal antitrust laws. Even so, the fact remains that 
some employers favor industry-wide bargaining 
while some segments of organized labor are against it. 

A Clear Cut Public Issue 

The industry-wide bargaining issue as it affects the 
public, however, is clear cut. It is concentration of 
economic power (in the hands of both unions and 
management) which can make industrial conflict 
devastating to the public welfare. At least five times 
within about a year— in steel, on. the railroads, in the 
maritime industry and twice in the soft coal industry 
—strikes prompted by union efforts to impose indus- 
try-wide agreement about wages and working con- 
ditions have paralyzed large parts of the nation’s 
economic life. 

In soft coal about 90% of the production workers 
are members of the United Mine Workers. In steel 


about 80% of the production workers are members 
of the United Steelworkers, C. L O. In some other key 
industries there is a comparable degree of concen- 
tration of union control. In the face of such concen- 
tration many employers see no alternative but to 
get together on their side for industry-wide bargain- 
ing. But when they do so in key industries, the odds 
are lengthened that failure to agree on wages and 
related matters, will result in generally ruinous con- 
flict. If agreement is reached, the chances are in- 
creased that it will take too little account of the wel- 
fare of the consuming public. 

It is possible to have industry-wide bargaining on 
many subjects other than wages. But the main inter- 
est is wages; and the main drive is toward industry- 
wide and ultimately nation-wide uniformity. Such 
uniformity is the deadly enemy of industrial decen- 
tralization and the pioneering expansion of industry 
in new areas. Why pioneer, with inexperienced work- 
ers, if the wage rate must be uniform for the whole 
industry? Moreover, it would also be hard to con- 
ceive of a more effective way to put a blight on local 
efforts to improve industrial relations than to make 
wage rates and other working conditions uniform 
throughout the industry and then the nation. How- 
ever, among many other dangers, the overshadowing 
danger in industry-wide bargaining lies in its con- 
centration of economic power. 

Wages Monopolized 

On the average, the cost of labor accounts for about 
two-thirds of the total cost of all industrial products. 
The universal spread of industry-wide bargaining 
would thus concentrate in relatively few hands con- 
trol of the greater part of the cost of industrial pro- 
duction. There is no reason to believe that even with- 
out disastrous strikes, such concentration would long 
continue free from government regulation. That 
would turn more earth for the graves of American 
business enterprise and American working men’s 
freedom. 

Those who believe that industry-wide bargaining 
serves the public well— and many sincere people do 
—stress the fact that, on the whole, it has worked in 
the industries where it has been tried over a con- 
siderable period. Most of the industries of which this 
is true, however, are not key industries. The pottery 
industry, the glassware industry, and the silk and 
rayon dyeing industry— to cite a few in which indus- 
try-wide bargaining has been practiced with consid- 
erable success— are important industries. But they are 
not industries in which strikes would have a ruinous 
impact on the nation. In contrast, a strike in the soft 


coal industry as the result of a breakdown of in- 
dustry-wide negotiations quickly becomes a national 
disaster. The dangers inherent in industry-wide bar- 
gaining are multiplied accordingly. 

England No Guide 

Those who think extension of industry-wide bar- 
gaining would be good for the public often emphasize 
the fact that it has worked smoothly in England, 
where it has been extensively practiced. Not the least 
of the things it has smoothed in England, however, is 
the transfer from private enterprise to state socialism 
of industries in which industry-wide bargaining by 
monopolistic unions and employer groups had so 
badly undercut competition that private enterprise 
had lost much of its justification. A general extension 
of industry-wide bargaining could be expected to 
have the same consequences in this country. 

The best way to curb industry-wide bargaining is 
a question which lies beyond this discussion. Much 
would be accomplished if the federal government 
would discontinue its active promotion of industry- 
wide adjustments, in the fields of both labor and 
management, at which it has been busy ever since 
N.R.A. days. Still more would be accomplished if 
the federal antitrust laws were applied with even- 
handed justice bothto unions and employers— a course 
urged in the 53rd editorial in this series. Perhaps a 
definite limitation of the scope of labor agreements 
would, also be necessary. 

The effects of industry-wide bargaining in increas- 
ing the extent of public regulation of industry will 
vary. They will, of course, be less pronounced in rail- 
roads and other public utilities, which are already 
extensively regulated, than they will be elsewhere. 
For unregulated industries, however, industry-wide 
bargaining carries the threat of extensive regulation 
and, along the way, of industrial conflict devastating 
to the public. In these excited times, to say what I 
have said here is to invite characterization by over- 
heated partizans as a foe of legitimate union progress. 
That is perhaps not so bad, however, as to qualify as 
a pall bearer for both American business enterprise 
and some of the basic freedoms of American working 
men. That may well be the fate of those who blindly 
accept the expansion of industry-wide collective bar- 
gaining as being “in tune with the times.” 
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Engines Assure 
Rocker Arm Dependability 

with TIMKEN Bearings 


To uphold this enviable reputation, its engineers have specified 
Timken Tapered Roller Bearings on the rocker arm mounts of the 
300-h.p. Jacobs R-755A engines, where they dependably handle the 
rocker arm loads, minimize friction, conserve power and provide long 
and economical operation with little maintenance. 

The Timken Roller Bearing Aircraft Series was designed to solve 
many aircraft, engine and propeller problems. Perhaps it is the answer 
to yours. Write our engineers today. They will be glad to make 
specific recommendations and show you why it pays to have the 
trade-mark "TIMKEN” on every bearing you use. 


TIMKEN 


TAPERED ROLLER BEARINGS 

THE TIMKEN ROLLER BIRRING COMPANY, CANTON 6, OHIO 


Long established as one of the most dependable, rugged and economical 
lines of powerplants for aircraft is that of the Jacobs Aircraft Engine 
Company of Pottstown, Pa. 
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AVIATION 

CHECK 

LIST 

Places where 

Norma-Holfmann Bearings 
are providing instant 
response . . . safety. ■ ■ long 
service . . . low maintenance 

V surface control push-and-pull rods 

V engine control units 

V control rods 

V aileron hinges 

V flap hinges 

V rudder pedals 

V bell cranks 

V stabilizer hinges 

V photographic apparatus 

V links 

V propeller drive shafts 

V radial engines 

V reduction gear 

V instrument equipment 

V radio apparatus 

V rudder hinges 

V radar equipment 

V jet engines 
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SHEET NUMBER . 


D-38 (Port II 


CLASSIFICATION Processes 

SUB CLASSIFICATION Temperature Equivalents 


Centigrade-Fahrenheit Conversions 

Interpolation: I deg. C. equivalent to 2 deg. F.; 2-4: 3-5: 4-7; 5-9; 6-11; 7-13; 8-14; 9.14 
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AVIATION'S SKETCHBOOK OT DESIGN DETAIL 



North American Navion 

Phantom view showing semi-monocoque construction of curving to join at aft end of cabin enclosure. Aft section 
fore part of fuselage. Two upper longerons are formed of fuselage is formed by bulkhead rings covered by three 
from bent-up U channels extending from firewall and sheets of 24ST Alclad. 


Cutaway drawing showing con- 
struction of Navion wing, which 
consists of right and left hand 
panels bolted together at a center 
rib beneath fuselage. No full span 
front spar is used, shear loads be- 
ing carried by rear spar and lead- 
ing edge. Combination rear spar 
and lower skin is made of bent-up 
.032 and .025 24ST Alclad sheet 
reinforced by stiffener angles and 
spanwise stringers. Two short spars 
seen extending to landing gear rib 
serve as reinforcing members, one 
of which, with a shorter beam, sup- 
ports main landing gear retract- 
ing mechanism. Airfoil is NACA 
441 5R at roof. NACA 64 1 OR at 
tip; root chord is 7 ft. 2 19/32 in., 
tip chord 3 ft. 1 1 in. Total span 
is 33 ft. 4 9/16 in., with total area 
of 1 84.34 sq. ft., including ailerons, 
flaps, and 19.89 sq. ft. covered by 
fulselage. 
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for SAFER flying 

' I 'HE Irvin Custom-built Chair Chute 
is a new conception in parachute 
protection for cabin planes ... a chute 
that combines beauty, convenience and 
comfort with tested safety. Now you can 
enjoy all the advantages of a chute with- 
out the necessity of "wearing” a chute 
... or of "remembering” it ... or carry- 
ing it about ... or finding a place to store 
it. For Irvin Custom-built Chair Chutes 
become a part of your plane . . . arc fit- 
ted into the back of every seat. Merely 
step into your plane and parachute pro- 
tection is yours. 

More and more private plane owners 
and companies using planes for business 
travel arc installing Irvin Custom-built 
Chair Chutes ... for added protection 
in flight. Write today for descriptive cir- 
cular and particulars about Irvin Cus- 
tom-built Chair Chutes for the plane 
you own or plan to buy. 




1 Tills is the Irvin Custom-built Chair 
Chute, fitted into the back of the scat, up- 

2 The rip cord handle is big . . . trunven- 
back rest . . . docs not take up extra space. 

4 Lower part of the harness is set in 
this handy pocket. When you stand up, 
with the harness on, the chute lifts out 
of the chair. 


IRVING AIR CHUTE CO., INC. 

1670 JEFFERSON AVENUE, BUFFALO 8, NEW YORK 

Pacific Coast Branch: 1500 Flower St., Glendale 1, Calif. 
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MOTOR 


THE MA RK OF 

qr oEMNOM'urr- 




Exacting manufacture backed by thorough 
engineering gives Lamb Electric motors the 
long, trouble-free operation imperative for 
satisfactory product performance. Because 
of this standard of dependability. Lamb 
Electric Motors are being used in more 
and more of America’s finest products. 

THE LAMB ELECTRIC COMPANY 



E/ec&U 
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AVIATION'S SKETCHBOOK OF DESIGN DETAIL 



Gloster Meteor 

Illustrating installation of nose landing wheel in model cockpit canopy, in which small transparent sections are 
specially modified for high speed flight. Heavy blocks substituted for larger bubble type canopy, which tended to 
attached to landing gear mount are to maintain proper warp due to heat which has been generated at 600-mph.- 
C.S. following removal of armament. Note changes in plus speeds. 



Messerschmitt Me-163 

Unlocking and emergency jettisoning mechanism in- 
cludes: Unlocking lever (A) shown in unlocked position, 
emergency jettisoning lever (B), locking rods (C), 
slide guide (D), and locking spring (E). 
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Grumman Mallard 


Safety G/ass 


When it came to selecting windshields and windows for 
the new Mallard, it was natural for the Grumman de- 
signers to specify Pittsburgh Laminated Safety Plate 
Glass. For they have found— over the years— that “Pitts- 
burgh” products solve their glazing problems. 


BY "PITTSBURGH' 


S pecial glasses, plastics and glass-and- 
plastic combinations, developed by “Pitts- 
burgh”, have played an important part in 
the phenomenal progress made by the Ameri- 
can aviation industry. 

As you face the new problems of producing 


airplanes for personal use, you can still count 
on our unequalled manufacturing equipment, 
our seasoned research personnel and facilities 
to help you solve airplane glass or glazing prob- 
lems. Write to Pittsburgh Plate Glass Com- 
pany, 2072-7 Grant Building, Pittsburgh, Pa. 
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AVIATION ELECTRONICS 


Global Avigation System 
Projected by PIC AO 


Techniques and devices which Organization favors in move to pro- 
vide uniform radio-aid facilities, thus improving regularity and 
safety of world's commercial air transport. 


(page 83). 

Considerations, 

Hie many available electronic tech- 
niques for air llight guidance was 
made, included degree of development, 


facilities with minimum effort by the 
pilot. The equipment, providing this 
guidance, should operate automatically 
as far as possible. The functions per- pilots, and the like, 
formed by the facilities should be such 
relieve the pilot of purely mechan- 


R ecom m e n dat i on s for world-wide 
standardization of radio aviga- 
tional and communicational fa- 
cilities for civil aviation have been 
made by the Provisional International 
Civil Aviation Organization. A modi- 
fication of the CAA instrument land- 
ing system (1LS)‘ is favored for air- 
port landing facilities: a combination 
of the very high frequency (VHF) 
omnidirectional radio range and the 
distance measuring beacon is recom- 
mended for providing highly accurate dismissal of their recommendation, 
indications of azimuth and range for 
short-range avigation. with Gee 1 as a 
European alternative: and standard 
and low-frequency (L-F) loran* is 
called for in long-range avigation. 

Among the systems that the council 
considered worthy of future develop- 
ment are surveillance radar for air 
traffic control, radio altimeters 1 in con- 
junction with aneroid barometer type 
altimeters for use in pressure pattern 
flights, airborne radar, and exclusive 
use of two-way radiophone. It is an- 
ticipated that, with complete installa- 
tion of these facilities on an interna- 
tional basis, the delays and accidents 
now hampering expansion of passenger 
and freight aviation will be curbed. 

Benefits from international exchange 
of information and opinion were so 
evident at the PIC AO November meet- 
ing that the Radio Technical Division 
favored establishment of a permanent 
group within PICAO to coordinate fu- 
ture developments made by member na- 

goodwill and understanding, this agree- 
ment on specific operational practices 
is more real than the debates on ab- 
stract principles being conducted else- 
where. Requests for the necessary fre- 
quencies for the proposed facilities are 
to be filed with the International Tele- 
communications Union, as outlined in 


judgment in matters of procedure, un- 
encumbered by routine operations. 
Such freeing of the pilot from opera- 
tions better performed by automatic 
equipment, so that he can more fully 
exercise iiis on-the-spot judgment, 
table accompanying this article should avert more accidents than the 
"■ direct employment of the facilities 

which selection of themselves. 

The manner in which the equipment 
operates should not require the air- 
port staff to enter into the aircraft 


the placement of authority. Numerous 
techniques in the design stage were 
considered, but the pressing need for 
immediatelv usable equipment forced that it does not “saturate — 1 
’ ' ' ' ‘ ' are an inherent limit to the 


concentrate on matters of 
traffic control supervision. The equip- 
ment should perform in such manner 


iiture development toward automatic 
iperation, also should supply its in- 
formation in such form that automatic 
controlled 


The portion of the equipment that 


an- enabling him to exercise his supervisory than returned in dependable scheduled, 


To facilitate landings in all weather , VHF instrument landing is used with ground transmitter 
establishing a flight course in sp ace via intersection of localizer and glide path beams* 
Cross pointers on instrument panel indicate both vertical and horizontal on course. Note com- 
pactness o I antenna atop transport. 
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down point, it was recommended that 
by 1852 fan markers should be re- 
placed by distance measuring equip- 
ment (DME) using the interrogator- 
responder technique (described in later 
paragraphs) to give continuous instru- 
ment indication of distance to the air- 

For short-range flights between local 
fields and along routes of heavy air 
traffic, there is favored the VHF omni- 


directional radio range, a system pro- 
viding an indication of bearing to a 
fixed ground station. At the ground 
transmitter, two radiations are created. 
One carrier has a 00 cps. tone modu- 
lated on it by first being imposed by 
frequency modulation on a 10,000 cps. 
subcarrier, which in turn amplitude- 
modulntes the radio frequency carrier 
operating between 112 and 118 mega- 
cycles (me.). The phase of this 60 
cps. tone is the same in all directions 
from the transmitter. A second 60 cps. 
tone is directly modulated onto the 
radio-frequency (R-F) carrier, but is 
so radiated that it varies in phase with 
azimuth. Difference in phase between 
the fixed or reference tone and the 
variable phase tone is used to operate 
o cross pointer indicator in the plane. 
The pilot sets an azimuth indicator 
(calibrated from 0 to 360 deg.) on the 
desired course, then flics that course 
by holding the cross indicator on cen- 
ter. Or he can determine his angular 
position relative to the transmitter by 
rotating the azimuth indicator until the 
cross-pointer indicates on course. 

To avoid ambiguity the scale of the 
indicator is pninted with green and 
white sectors, with pointers colored 
correspondingly and used with the sec- 
tor of that color. A red center of the 
meter scale, or flag alarm, indicates 
loss of signal when the plane flies out 
of the range of the transmitter. The 
pilot then selects another station. 

To indicate range from the station 
for which bearing is obtained by the 
omnidirectional range facility, trans- 
ponder type radar distance measuring 
equipment is used. The plane carries 
a pulsed transmitter that radiates the 
interrogating signal in the 1,000 me. 


all-weather flying of the transports. 

Most pressing is the problem of land- 
ing civil air transport aircraft under 
all conditions of visibility at the fast- 
est possible rate. To provide facilities 
whereby planes can come down to the 
landing strip regardless of the ceiling, 
the recommendation is for ILS, with 
slight modifications. This provides a 
definite landing path that individual 
pilots can follow by instrument as soon 
as they are cleared for landing from 
the control tower, and without further 
instruction from the airfield personnel. 
The system also offers the possibility 
of controlling the autopilot from the 
ILS beacon without modification of the 
ground installation. Thus ILS offers 
operational simplicity and possibility 
of future development toward auto- 
matic operation, as well as a solution 
to the immediate problem. 

Instead of the 90 and 150 cycles per 
second (cps.) tones used on the local- 
izer of ILS, a 30 cps. signal super- 
imposed on an ultrasonic subcarrier 
will be used. The phase of the 30 cps. 
will be used to indicate on-course. In 
this way the aircraft receiver can be 
used simultaneously for communication 
and for landing indication. Change- 
over to the phase-comparison localizer 
should begin in 1951; meantime, exist- 
ing equipment, now installed at over 
100 domestic fields, will be used as a 
temporary expedient. To give pilots an 
indication of distance from the touoh- 


asimuth dial and followed by keeping cron pointers centered, or position is found by turning 
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PRO-SEAL is o ONE-PART, water dispersion type of 
Thiokol compound, ready-to-use in its packaged 
state. Its ease of handling and resistance to extreme 

as the most effective integral wing tank sealant 
ever developed! Available in pints and gallons. 


APPLICATION - PRO-SEAL'S adaptability to every 
tank sealing problem is further provided for in its 
three methods of application. Filleting it done with 
either a simple, air-activotod extrusion gun or by 

thinned PRO-SEAL) is used for spray-sealing of 


PERFORMANCE -PRO-SEAL incorporates an exdu- 
resistance to fuel, water, oil, vibration, heal, cold 

PRO-SEAL develops an exceptionally flexible, tough 
consistency which permits maximum 'working* of 
joints without fracture of seal. 



SPECIAL SEALING SERVICE 

PRODUCTION SEALED in MiomP, 
Florida, by the PRO-SEAL Tank Seal- 

Co„ Los Angeles, California, for full 




historical data on modern tank seal- 


m A CT p AiNT and 

LUAj I CHEMICAL CO. 


LOS ANGEtES 13 e CALIFORNIA 
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the SOL-A-DIE process," says Mr. Solar 


exclusive Sol-A- 
Die process was developed 
from attempts to overcome the 
difficulties of drawing 18-8 
stainless steel into intricate 
shapes for aircraft manifolds. 
The Sol-A-Die process pro- 
duces stage die patterns in less than halj the time 
previously required. It eliminates cut and try meth- 
ods and results in successful stamping without costly 
reworking. 

Sol-A-Die is adaptable to the entire metal work- 


ing industry. It presents a successful and economical 

shapes. Sol-A-Die is especially applicable to produc- 
tion orders too small to warrant complicated and 
expensive press tooling. 

Today many industries are using Sol-A-Die to 
pare down the tooling costs made against low vol- 
ume orders. If you have a stainless fabrication prob- 
lem. consult your nearest Solar office now. Write 
Solar Aircraft Co., 2206 Pacific Highway, San 
Diego 12, California, for descriptive folder: "The 
Sol-A-Die Process." 


.*rT 


STAINLESS PRODUCTS 
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bond. When this pulse reaches the 
ground beacon, that beacon transmits a 
coded pulse of another frequency. The 
ground transponder is capable of si- 
multaneously replying to 50 planes. 
Time interval between the transmission 
of the interrogating pulse from the air- 
craft and the reception at the aircraft 
of the responder pulse is a measure of 
the distance between plane and ground 
station. The equipment has a range of 
120 mi. and an accuracy calculated 
at 1%. 

At the receiver in the plane, two 
electrical gates are made to move in 
time until they center on the responder 
pulse. Thus only the correct responder 
pulse is admitted by the gates to the 
indicating circuits. Voltage that con- 
trols the time position of these gates 
also operates the indicator so that its 
indication can be calibrated directly in 
range. A lamp associated with the in- 
dicator flashes in accordance with the 
coding of the responder to indicate 
which ground station is bfflhg interro- 
gated. When the plane flies out of 
range of the ground station, the lamp 
glows continuously. Loss of the signal 
for short periods up to 30 sec. — as dur- 
ing a bank turn — does not disturb the 

Together, the omnidirectional radio 
range and the distance measuring 
equipment provide the pilot with con- 
tinuous azimuth and range anywhere 
within range of a ground station pro- 
viding the facility. He can thus fly 


loses the anticipated course. The 
ground station is automatically mon- 
itored to detect inaccuracies in its indi- 
cations. The distance measuring por- 

modifleation, forms the basis for the 
corresponding equipment to be used 
with ILS to indicate distance from the 
touchdown point. 

Low-frequency loran chains are to he 
installed to provide lines of position 
for long-range avigation over regions 
not covered by standard loran chains. 
It was recommended that PICAO form 
a group to suggest sites for additional 
standard and new L-F loran stations. 
Installation of L-F loran chains will 
begin on North America in 1949 and 
he extended to other regions of air 
traffic in 1951. The hyperbolic lines 
of position provided by the time delay 
in reception of pulses from L-F loran 
chains provide a coordinate system en- 
abling the avigator to locate his posi- 
tion in all weather conditions. Although 
extensive tests have not been made, 
indications are that the system will 


Along with L-F loran, the similar 
hyperbolic system of Gee operating at 
a higher, and thus shorter range, R-F, 
will be considered by a regional con- 
ference for use in Europe, where exist- 
ing Gee chains already cover the 
greater portion of the continent. Gee 
would replace the omnidirectional 
range and DME facilities for short- 
range avigation over- Europe. 

Recognizing that as other techniques 
are perfected it will be desirable to 
make use of them, PICAO examined 
those that appeared most likely to fill 
future needs, and it recommended that 
surveillance radar be developed as an 
adjunct to airport traffic control. Such 
airfield radar facilities would provide 
monitoring of the reliability of the ILS 
beacons, give positions of aircraft dur- 
ing overcast, and provide emergency 
facilities should other equipment fail. 
Basically, smooth airport traffic move- 
ment requires that all planes carry 
two-way radiophones for tower com- 
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SkilTools 



REVERE 
MAGNESIUM 


TRANSPORTATION ON WHEELS OR WINGS 
CALLS FOR THE METAL OF PROGRESS 


W HETHER it rolls on wheels, is lifted by 
wings, or is moved by hand, weight 
costs money to transport. Save weight in your 
equipment and you save money in operating it. 

With Revere magnesium alloys, you can often 
save a substantial amount of weight. Manufac- 
turers of the most advanced types of aircraft, 
including jet and rocket types, are now using 
this metal of progress more extensively than 
ever before. Operators of truck fleets have dis- 
covered in Revere magnesium a new way to 
cut deadload, to increase payload. 

With Revere magnesium alloy products— 
sheet, plate, tube, rod, bar, extruded shapes 
and forgings— you can design light weight 
into your trucks, buses or aircraft without sac- 
rifice of strength. For these alloys have a 
remarkably high ratio of strength to weight. 
They can be fabricated by means of all the 
established metal working techniques. 

For truck operators and body builders, 
Revere offers a development of special interest 
. . . magnesium alloy sheet and standard shapes 


for building light-weight panel bodies. Readily 
available for prompt shipment, these Revere 
materials can be assembled into bodies of your 
own design by means of the simplest fabri- 
cating methods, such as clamping, drilling and 
riveting. For more information on this and 
other applications of magnesium to your 
products, get in touch with the nearest Revere 



COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Part Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, III; Detroit, Mich.; 
New Bedjord, Mass; Rome, N. 1'. — Sales Offices in 
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and Bolivia Facing 

Civil Aviation Reorganizations 


Uruguay 


By GEORGE M. GALSTER, Latin American Analyst 

With their respective governments taking a keener interest in avia- 
tion activities, Author Galster predicts manifold changes are 
slated, aiming for development of broader and more efficient com- 
mercial services in these South American republics. 


I N this presentation, covering both 
countries, we will first consider 
Uruguay : Commercial aviation in 
Uruguay is apparently heading for a 
period of rapid growth, but its future 
is obscured by the immediate possi- 
bility of complete government owner- 


ship. This doesn’t imply that the in- 
dustry must necessarily suffer under 
such an arrangement, since socialistic- 
minded Uruguay has traditionally been 
a good manager of its nationalized 
banks, power companies, insurance or- 
ganizations, and even its ballet and 


symphony orchestra. However, the de- 
velopment of a state-owned aviation 
industry, now being climaxed, certainly 
bears close watching. 

Smallest in size of all the South 
American countries, Uruguay has com- 
paratively the best ground transporta- 
tion system on the continent. Air 
services, late in starting, have not de- 
veloped to the degree common in other 
areas. The first line, organized with 
British capital in 1936, was called 
Primeras Lineas Urugunyas de Nave- 
gacion Aerea, S.A. (PLUNA). Opera- 
tions started with two DH Dragonfly 
craft, and later the company purchased 
a Potez and a pair of four-engine DH 
Expresses. The company steadily lost 
money until 1940, when the govern- 
ment granted a subsidy of 13</km. 
flown and the Bank of the Republic 
guaranteed a loan to purchase two 
Douglas DC-2s. Little improvement 
was made, however, and operations 
finally suspended in 1943. The follow- 
ing year, the company was reorgan- 
ized under the same name, but as a 
sociedad mixta, that is, with the gov- 
ernment holding 83i/ s % of the stock 
and private interests the remainder. 
This is the financial setup at this 
writing. 

The other airline in Uruguay is 
compania Aeronautics Urguaya, So- 
eicdad Anonima, (CAUSA) organ- 
ized in 1938 by the banker Luis Super- 
veille, and the former foreign minis- 
ter, Jose Serrato. This company 
concentrated on the lucrative Buenos 
Aires-Montevideo traffic with two float- 
equipped Ju-52s, which were replaced 
only last year with Short Sandring- 
hams. CAUSA made a private agree- 
ment with the Argentine Corporacion 
Sudamericana de Servicios Aereos 
(CSSA) to share the international 
traffic on this route, and each company 
was limited to two round trips daily. 

During the war, when Argentina was 
unable to secure spare parts, CAUSA 
temporarily increased its flight fre- 
quency. However, the original agree- 
ment has remained in spite of an in- 
creased demand for this service. Now 
that Dodero has taken over CSSA and 
merged it with his ALFA line, it is 
possible that some new arrangement 
may be worked out. 

That, then, is a brief resume of 
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Uruguay’s commercial aviation. To un- 
derstand how the government has 
gradually taken over control of the 
industry, it is necessary to go back to 
Dec. 1940, when the important national 
aviation law was passed by congress. 
In addition to the subsidy granted 
PLUNA, the act also appropriated a 
yearly subsidy of about $60,000 to 
CAUSA. The two companies were 
obliged to accept one government mem- 
ber on their board of directors. 

CAUSA’s operating concession was 
also limited to six years (expiring this 
past December), and this point caused 
much speculation in Montevideo. Last 
July, the government said that 
CAUSA’s route to Buenos Aires was 
open to any company that would accept 
the government as senior partner. 
Such an agreement would also give the 
government the right to take over all 
private stock in the company at any 
time. PLUNA made the only bid for 
the route specifying landplanes, but 
with elapsed time between cities al- 
most tripled because of the trip to 
and from airports. Since this would 
be unsatisfactory, the government re- 
peated the offer in October hoping to 
force CAUSA’s hand. 

It is rumored that some stockholders 
would prefer to liquidate the company 
rather than accept government control, 
but it is generally expected that 
CAUSA will eventually agree to this 
arrangement. Dodero is effectively 
barred from negotiating by a new law 
forbidding owners of surface transport 
lines to engage in air transport. This 
was also one reason Dodero's rumored 
plans to more his international air- 
line to Uruguay never developed. 

Coming back to PLUNA, the reor- 
ganization effected in 1944 also pro- 
vided a subsidy of 45f/km. in 1945, 
42« in ’46, 39ft in ’47, and 36^/km. 
for seven years thereafter. Since some 
circles feel that a small private minor- 
ity is indirectly benefiting by these 
heavy subsidies, a bill was introduced 


the company wholly government-owned. 
This bill may have been passed by the 
time this is published. It is possible, 
loo, that the company's present $600,- 
000 capitalization will soon be doubled, 
since its charter authorizes a maximum 
of $1,800,000. 

Regardless of how PLUNA's finan- 
cial setup is finally worked out, it is 
evident that the company is well on 
its way toward becoming the country’s 
“chosen instrument.” Survey flights 
using a new Douglas C-47 were re- 
cently made to Porto Alegre and Rio 
de Janeiro in Brazil and to Asuncion, 
Paraguay. Permission for the Brazilian 
run was easily obtained, since VARIG 
has been operating into Montevideo for 
many months. However, the flight to 
Asuncion was made under circum- 
stances that reflect upon the foresight 
of the Argentine government. Early 
in 1946, FAMA was given the right 
to cross Uruguayan territory on its 
route to London in an unwritten “gen- 
tlemen’s agreement.” Naturally Uru- 
guay felt that a reciprocal courtesy 
would be granted PLUNA on its 
flights to Asuncion. When no reply 
was made to their request, surveys were 
flown without this permission. 

Delfin Diaz Cibils, general manager 
of PLUNA, also outlined recently a 
new domestic circuit, in the eastern 
portion of the country, that will al- 
most double present internal route 
mileage. No large cities are located 
here, but the line will tap the rich 
hacienda district where few good roads 
have been built. The DH Expresses 
arc being readied for this route, for 
they have been found suitable for oper- 
ating into poor fields. 

The whole question of airports is a 
serious one in Uruguay. Excepting 
Montevideo’s old Melilla airport and 
the new airbase at Carrasco, 11 mi. 
east of the city, there are no fields 
suitable for more than light aircraft. 
PLUNA will soon put into service two 
more C-47s that are now being con- 
verted in company shops at Melilla, but 


there are many who believe these ships 
are much too heavy for the airports 
being used. For example in Rivera near 
the border, even DC-2s are forced to 
land on the nearby Brazilian field and 
passengers are then transported back 
to the city by bus. Congress appro- 
priated about $300,000 for airport de- 
velopment this year, but this sum is 
insignificant considering the task. Most 
available funds in the next few years 
will be spent on finishing Carrasco in- 
ternational airport, the runways of 
which were built by the Airport De- 
velopment Corp. during the war. In 
the meantime, PLUNA has hired 
former ATC Capt. Richard Lowe to 
train new flight crews for the C-47s 
and DC-2s. 

Both CAUSA and PLUNA have 
been handicapped by an extremely low 
airplane utility rate. This is caused 
in part by not flying on Sundays and 
by the absolute lack of night opera- 
tions. However, poor scheduling, bad 
maintenance facilities, and an inade- 
quate meteorological service have been 
large contributing factors. Govern- 
ment insistence on two round trips per 
day to Buenos Aires, weather permit- 
ting, has influenced CAUSA to keep 
one Sandringham flying boat in stand- 

PLUNA’s operations have also been 
characterized by poor load factors, 
averaging about 60% on the DC-2s. 
This rate is expected to drop even 
lower with the C-47s if the current 
campaign to sell air travel to the pub- 
lic fails. But they are trying to make 
it successful. An example of the ef- 
forts now being made in this direction 
was observed recently after weather 
had grounded regular passenger runs 
for two days. A bride in Salto was due 
to have her wedding spoiled if her dress 
and veil were not delivered in time, 
so one of the small DH planes was dis- 
patched with the box and arrived just 
one hour before the ceremony. 

The government has placed still an- 
other load on the airlines in the form 
of heavy discounts. The basic domes- 
tic passenger rate of about 4.2^/km. 
is decreased in the following manner : 

Members of congress 100%, military 
personnel 20%, governors and magis- 
trates 20%, DAC employees 100% 
(DAC corresponds to CAA), minors 
25%, licensed traveling salesmen 20%, 
and private and student pilots 20%. 

The special rate given to pilots is 
noteworthy since it is part of a pro- 
gram which has increased the number 

of registered pilots from 88 in 1940 
to 1,004 in 1946. 

Thus it appears that tiny Uruguay 
is heading for a completely socialized 
air transport industry. If the system 
proves successful, it may possibly 


in congress last September to make 
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Thanks kor the ktnc/ words... 


(EVEN IF WE DON'T DESERVE THEM) 


Nobody knows as well as we here at “National” how far we have 
fallen short of giving our normal standard of service to our 
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customers during these difficult times. 

This generous letter, written to us by an important customer 
recently, can only be taken gratefully as recognition on his part 
that we have tried. And we will certainly “do our damnedest” to 
customer relationships. 
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THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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The secret weapon no Jap ship could dodge 



Story of the NAVY BAT*. . . 

Could a way be found to penetrate enemy anti-aircraft fire . . . and blow 
each Jap ship to bits . . . without losing our pilots? 

That was the urgent question. And American genius answered with 
the Navy Bat— a radar-guided glider bomb. 

Designed to glide silently at 300 miles per hour— with a 1,000-pound 
bomb in its belly — the Bat was carried by a Navy patrol bomber. 

At a point five miles from the target, the “mother” plane would aim 
the Bat at a Jap ship and release it. From then on the Bat automatically 
followed every twist or turn of the enemy ship— and smashed into the 
dodging Jap. 

Used against Jap destroyers, tankers, picket boats — and land instal- 
lations — this weapon was so effective the enemy thought we had a 
suicide pilot inside each Bat. 

Instead, the Bat contained revolving radar gear to search for the target 
— and tiny gyroscopes to correct for errors in flight. 

. . . and its 36 BALL BEARINGS 

The men who developed this marvel knew that every Bat had to hit its 
target. They designed special guiding mechanisms. They made them 
sturdy, trouble-free, delicately responsive. They mounted the moving 
parts in 36 BALL BEARINGS. 

New Departure ball bearings can be mounted in any position. They 
hold moving parts precisely in place— with unchanging accuracy- 
under every kind of load. They move with less friction than any other 
type of anti-friction bearing. 

In the Bat— and in many other kinds of mechanized war materiel — 
375 million New Departure ball bearings helped our fighting men. 

Today, millions more of these precision-made ball bearings are 
helping America at peace. By increasing production— by cutting costs 
—by serving industry in every field. 


nothing rolls like a ball 

NEW DEPARTURE 

forged steel 
BALL BEARINGS 



NEW DEPARTURE • Division of GENERAL MOTORS • BRISTOL, CONN. • Branches In DETROIT, CHICAGO, LOS ANGELES ond Other Principol Cities 
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serve as a precedent among other South 
American republics. 

Now that Bolivia’s turbulent politi- 
cal situation has cooled somewhat, ob- 
servers in La Pats believe that the avia- 
tion outlook is brighter than ever 
before 

Prior to the bloody July revolution, 
government support for aviation fil- 
tered through a maze of political catch- 
traps. No definite policy to guide nor- 
mal development had been evolved 
and most funds earmarked for train- 
ing or for airport constniction disap- 
peared. Quick to analyze the situation, 
the provisional government changed 
the picture entirely by giving top pri- 
ority to a long-range program of inte- 
grating the nation’s economy with air 
transportation. 

Plans being drafted were recently 
outlined by Capt. German-Pol, Chief of 
Civil Aviation, and they include the 
following points: (1) Improvement of 
ground facilities, (2) reorganization 
of military air training program, (3) 
promotion of private flying through 
aero clubs, and (4) encouragement of 
youthful interest in model building. 

To understand the difficulties which 
face the development of this program 
and to appreciate the importance of its 
ultimate success, one must examine the 
country as a whole. Bolivia is not 
called the “roof of the world” without 
reason. Most of its population and all 
industry are concentrated on the food- 
scarce mineral-rich altiplano, over two 
miles above sen level. La Paz itself 
lies at 12,000 ft. in a valley protecting 
it from cold winds blowing off nearby 
snow-covcred peaks. 

On the other hand, the eastern two- 
thirds of the country — the Bolivian 
Chaco — is lush farmland potentially 
the perfect complement for the other 
section. Until now, lack of transporta- 
tion between these regions has forced 
Bolivia to import much of its food and 
other necessities. But since the once 
rich tin mines are now producing only 




medium-grade ore and Malayan mines 
are again competing in world markets, 
the need for self-sufficiency is greater 

Some improvement of this situation 
is expected in the way of a new highway 
the U. S. is helping to construct be- 
tween Santa Cruz and Cochabamba. 
However, the road is only about one- 
third completed and it will be decades 
before adequate ground transportation 
is available in this area. Meanwhile, 
the government feels that aviation can 
play a key role in bringing about unifi- 

First point in the government’s new 
program obviously is to build airports 
near customers, thus helping establish- 
ment of new air ronles. Actually, the 
problem isn’t that simple since there 
are only two good airports in the coun- 
try — at Santa Cruz and Cochabamba — 
both constructed by the Airport De- 
velopment Corp. With limited appro- 
priations available and possibly aided 
by U. S. loans, improvements will be 
started at such strategic points as 
Gutierrez, Saavedra, lleyes, and Guay- 
aramerin. This last town became im- 
portant during the war as the center 
of Bolivia’s new rubber industry. Work 
will consist chiefly of lengthening pres- 
ent strips and installing essential radio 
and meteorological equipment. 

As an example of what can be done 
even with present facilities, officials 
point to the air transport division of 
Corporacion Boliviano de Fomento. 
This organization, also directing con- 
struction of the new highway, recently 
started a cargo service with three Cur- 
tiss Commandos. Foodstuffs from the 
lowlands are being flown directly to 
La Paz, and return cargos vary from 
refrigerators to road-building materi- 
als. As a result of this service, a 
slaughtering house is being constructed 
adjacent to the field at Reyes so that 
fresh meat can be shipped daily by 

The other three points of the gov- 
ernment’s program are really part of 
the many-sided effort to make Bolivia’s 


population nirminded, thus supplying 
prospective customers and personnel to 
the expanding industry. Since organ- 
ization of the Air Forces in 1924, flight 
training has been reserved for gradu- 
ates of the military academy. A new 
setup calls for selection of cadets from 
enlisted ranks and secondary school 
graduates and, furthermore, provides 
that all training be conducted in Bo- 
livia. At the present time, students are 
commissioned after nine months pri- 
mary' gaining at Santa Cruz, then are 
sent to the U.S. to complete their 
course. In the future, basic training 
will be given at Cochabamba and ad- 
vanced training at La Paz. The me- 
chanic’s school at La Paz is also due 
for expansion under the new system; 
it is now open to boys too poor to at- 
tend regular schools. The course has 
been extended to four years and in- 
cludes such elementary subjects as 
reading and writing. 

Aero clubs in Bolivia were given a 
boost recently when the La Paz group, 
headed by Jorge Demedina, took de- 
livery on nine surplus Convair BT-13s. 
The Bolivian Air Force is handling all 
maintenance work for the club and 
military pilots will soon be furnished 
for a regular course of instruction. 
Other clubs at Cochabamba and Santa 
Cruz are using regular Air Force 
equipment until they are able to pur- 
chase planes of their own. The gov- 
ernment is also interested in promot- 
ing the less-expensive glider clubs and 
recently sent four students to Brazil 
for instruction. Several American and 
Argentine glider designs have been 
selected and members will be able to 
build their craft in Air Force shops. 

The new program has not forgotten 
Bolivia’s younger generation, either. 
A course in model building, recently 
added to secondary school curriculum 
in La Paz, was greeted with enthusi- 
asm. Numerous model clubs have been 
organized throughout the country, 
and the government is helping — by fly- 
ing in balsa wood from the jungle, by 
distributing pamphlets and magazines, 
and by furnishing transportation to 
model contests. Last September, a na- 
tional meet was held at Cochabamba 
for 27 regional winners. Lt. Col. 
Claudio Lopez, commander of the 
Cochabamba Air Base, handed out the 
prizes, and a large crowd acclaimed 
the event. 

While there are real problems to be 
faced in financing this air-expansion 
program, the vision and energy with 
which it has been organized seem to 
assure final success. However uncer- 
tain Bolivia’s political future may be, 
aviation will continue to play a leading 
role in the country’s economic develop- 
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Since the earliest days of aviation Wolf's Head 
has never lost step with the development of 
aircraft engines. As these engines grew more 
powerful, as lubrication needs changed with 
each new forward step in aircraft development, 
so Wolf's Head kept pace. 

Wolf's Head Aviation Oil has won and held 
the approval of aircraft engine designers and 
builders for its matchless quality. It is the avia- 


tion oil used by leading aircraft engine manu- 
facturers for critical test and break-in runs. It 
is known by ground crews around the world. 
Whatever developments take place in the 
planes that will fly tomorrow, Wolf'sHead 100% 
Pennsylvania "finest of the fine" will be ready 
to meet their requirements. 

Wolf's Head Oil Refining Company, Oil 
City, Pa. -New York 10, N. Y. 


WOLFS HEAD 

100% PENNSYLVANIA AVIATION OIL 
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They AU Choose Du Pont "LUCITE" 
...for Vision, Service, Safety 



I N rapidly increasing numbers, plane manufacturers are selecting 
Du Pont “Lucite” for their transparent enclosures. 

“Lucite” acrylic resin is crystal-clear, long-lasting, and shatter- 
resistant. “Lucite” transmits over 90% of light rays, and one-piece 
construction of “Lucite” will eliminate blind spots. 

During the war, every major type of combat aircraft used 
“Lucite” in one or more applications. Today, its proven advan- 
tages help make better planes. Yet “Lucite” costs even less, in 
medium and greater thicknesses, than other plastics sometimes 
used. E. I. du Pont de Nemours & Co. (Inc.), Room 222, Plastics 
Department, Arlington, New Jersey. 
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MAINTENANCE 


Maintenance Planning 
For New Aircraft 


By RICHARD M. ADAMS. Pan American Wo, Id Aineay, 

Here are the steps which Pan-American has already taken to assure 
smooth, efficient integration of two new aircraft types. It is a 
planning example applicable to small as well as large operations. 


T he process op putting a fleet of 
new aircraft in operation presents 
many problems which must be 
solved if effective use is to be made 
of the planes. Present day commercial 
transports are expensive and compli- 
cated. To get a reasonable return on 
the investment, a real job of planning 
for all phases of operation must be 
carried out. In no phase is this more 
important than maintenance of the 
aircraft. 

Maintenance specialists must be pre- 
pared for new problems in air condi- 
tioning, cabin pressurization, complex 
hydraulic systems, even more complex 
electrical systems, new instrumentation, 
larger and more complicated power 
plants, different structural designs, 
larger cabin interiors with a greater 
variety of fixtures, and a host of other 
changes. 

Parts must be ordered, new tools and 
equipment procured, space require- 
ments analyzed, and manpower needs 
met. Every effort should be made to 
insure that the airplane is in the best 
condition design-wise that it can be, to 
eliminate ns far as possible expensive 
dc-bngging periods. These are a few 
of the problems which should be solved 
before the airplane arrives— problems 
which usually are not sufficiently well 
solved for efficient operation until 
some months or years' after operation 
has commenced. 

In its approach to placing the Re- 
public Rainbow and Boeing Strato- 
cruiser airplanes in operation Pan 
American World Airways has deter- 
mined to do a really thorough job of 
preparation. This article will outline 
the approach. 

Basically the problem can be broken 
into two parts — first, preparation of 
the aircraft for maintenance; second, 


preparation of maintenance for the 
aircraft. 

It has long been Pan American’s 
policy to set up a resident engineer’s 
office at the factory of a contractor 
who is designing or building aircraft 
for its use. The resident engineer re- 
ports to the vice-president and chief 
engineer and represents Pan American 
at ^ the factory, serving ns its liaison 

His duties and responsibilities are 
large and varied, but among them, 
preparation of the aircraft for mainte- 
nance is one of the most important. 
He and his staff are intimately con- 
nected with the airplane from early 
in its design stage until the physical 
airplane itself is finally delivered to 
the operating divisions. In working 
with the design engineers, every effort 
is made to build into the aircraft the 
results of the operating experience of 
the airline. The resident engineer helps 
strike the balance between optimum 
performance and optimum mainte- 

The best performing designer's 
dream is of no value if it can not get 
nut of the maintenance shops. Ease 
of accessibility, for example, is a factor 
too often overlooked. Durability is 
sometimes sacrificed for weight saving. 
Practicability and dependability arc 
too often step children when per- 
formance must be high. Interchangea- 
bility of parts in systems and hetween 
systems and installations is easily un- 
dersold. Ease of replacement is hard 
to keep in mind when space is at a 
premium. The value of built-in trouble- 
shooting is seldom fully appreciated. 

While the all important inherent 
safety of operation is never intention- 
ally slighted, field experience is an 
extremely valuable asset to have even 


when designs have been service tested 
to a certain extent Last but not least, 
facility of efficient ground handling has 
been overlooked in almost every winged 
creature and creation from the pigeon 
to the airplane. 

All the aforementioned “-abilities” 
apply to the complete design — from 
the installation of a power plant or an 
intricate electrical system to the instal- 
lation of wall paneling or a door han- 
dle mechanism. It takes only one mal- 
function to keep an airplane on the 
ground. An hour’s delay replacing a 
faulty chair is just as expensive as an 
hour's delay replacing a nose wheel 

Thus the resident engineer and his 
staff must see that the greatest pos- 
sible degree of serviceability is built 
into the original aircraft. This is the 
important first step. 

The second step, that of preparing 
maintenance for the aircraft, is one 
which has been assigned to the main- 
tenance planning group. Heretofore 
this responsibility has been divided and 
shared by the vice-president and chief 
engineer’s office, the resident engineer’s 
office, and the staffs of the maintenance 
departments in the operating divisions. 
In preparing for the Stratocruisers and 
Rainbow, it was decided that full- 
time concentrated effort on this phase 
will pay off. 

The maintenance planning group has 
therefore been organized as a tempo- 
rary staff to go into action as part of a 
team which is working on all phases of 
this preparatory project-, including 
communications, the flight operations, 
traffic, stores, purchasing, ete. 

The policy followed in forming the 
unit was to staff it with men taken di- 
rectly from the operating organiza- 
tion. Assignments are temporary; they 
will terminate approximately when 
these particular aircraft arc put into 
operation. At this time the members 
of the team will return to the operating 
groups and participate in making their 
plans effective. This procedure should 
tend to minimize the purely theoretical 
approach by the planning group and 
allow the plans to be followed through 
to fruition with complete suppovt from 
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Four For Ff/! 


PERMATEX offers you these four top-notch, 
anti-corrosive, assembling compounds as the 
answer to your production and maintenance 
problems! Each one has valuable characteristics 
that make it best for certain types of assemblies! 

Form-A-Gasket No. 1, a paste... sets hard. 

Form-A-Gasket No. 2, a paste... sets pliable. 

Aviation Form-A-Gasket, a liquid... sets tacky. 

Pipe Joint Compound, a liquid. ..sets flexible. 

All of these Permatex assembling compounds 
make pressure - tight unions . . . leak - proof 
to gasoline, kerosene, fuel oil, diesel oil, hot 
or cold lubricants, hot or cold water, salt water, 
illuminating gas, glycerine and numerous other 
liquids and gases! 

Descriptive literature on request. 


PERMATEX COMPANY, INC., BROOKLYN 29, N. Y. 
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Today, passenger comfort is the byword for aircraft interiors. Luxurious 
ating accommodations— efficient food serving equipment— comfort- 
able toilet arrangements— everything to completely s 
requirements of the aircraft passenger. Weber's Aircraft 
Division is engaged in designing, engineering, testing and fabricating mod- 
ern interior fixtures for the aircraft of tomorrow. Our facilities ore avail- 
able to design and build interior fittings for passenger comfort. 


WEBER 

SHOWCASE & FIXTURE 


the organization's operating divisions. 

Problems being tackled by this main- 
tenance planning group cover a wide 
Held. For a clearer delineation the 
group was formed into sub-staffs. Each 
of these sub-staffs concentrates on its 
particular portion of the problem, yet 
work closely together to provide an 
integrated result. The accompanying 
chart shows the general breakdown of 
responsibilities in the group. 

The facilities planner is concerned 
with assuring that adequate space of 
the proper type will be provided for 
operation of the new aircraft. Hangar, 
office, overhaul shop, and apron area 
requirements are re-studied, both for 
size of area and for relative location. 
Layout of the facilities within the space 
is studied and the best type of overall 
picture planned. The actual design of 
the buildings and grounds is not the 
responsibility of the planner; the air- 
ways departments of the divisions 
affected and their contractors are 
responsible for this job. 

The facilities planner in the mainte- 
nance planning group is concerned 
only with maintenance requirements 
and therefore acts in a specialized 
advisory capacity to the airways de- 
partments in this phase only. His 
responsibility is to tell the airways 
departments what the maintenance 
group regards as its requirements for 
satisfactory bases. As part of this 
consideration, studies are reviewed on 
optimum base location, geographically 
and with respect to the operating 
routes as well as the detailed layout 
of the maintenance base once the site 
is selected. 

The tools and equipment planner is 
responsible for assuring that plans are 
released for on-time procurement of 
all the maintenance tools and equip- 
ment required for the operation of the 
new craft. These plans cover the main 

pass design of major service docks 
and ordering of specialized wrenches. 
Overhaul and test equipment for the 
overhaul shops must be thought of, 
in some cases designed, and always 
procured before operation begins. Be- 
sides the plans for all conceivable 
servicing and overhaul requirements, 
plans must also be made for ground 
handling equipment pertaining to 
maintenance. Finally, spare parts and 
maintenance procedures must be set 
up for the equipment itself. 

Spare parts for the aircraft and its 
components are coordinated by the 
spares planner. One year’s initial pro- 
visioning is ordered for all component 
parts of the plane and for the thou- 
sands of overhaul parts required in 
the shops. Major provisioning on the 
aircraft components and parts are 


handled by a provisioning team, which 
meets at the aircraft contractor’s plant 
and studies the design and operation 
of each part to determine ordering 
quantities. 

This team is made up of members of 
the resident engineer's staff, the main- 
tenance engineering staff of the plan- 
ning group, the spares planner, a 
representative from system services of 
supply, and a chairman who is a mem- 
ber of the chief engineer’s staff. This 
chairman assures uniformity of ap- 
proach and general thinking between 
the provisioning efforts on all new air- 
craft. The spares planner is respon- 
sible for follow-through on the specific 
aircraft. 

The spares planner acts as executive 
vice-chairman for the particuler air- 
craft type. Current stores and purchas- 
ing knowledge is applied to the 
provisioning effort, both by having 
members of these departments on the 
resident engineer's staff, and also in the 
spares planner section. Once the quan- 

determined, the purchasing department 
carries on the normal process of pur- 
chase orders and follow up. It is, how- 
ever, basically the responsibility of 
maintenance to determine the original 
provisioning. 

Since the frequency and exact routes 
over which the aircraft will operate 
are not always precisely known at the 
beginning of the provisioning effort, 
an assumed number of stations is used 
in preliminary provisioning. Stations 
are classified as main base, sub-main 
base, and A-, B-, or C-type stations. 
The station classification is determined 
by the type of maintenance services 


likely to be performed; also by trip 
frequency. It is thus a relatively sim- 
ple matter to revise orders to include 
extra A-, B-, or C-type station quanti- 
ties when the route pattern has been 
precisely set. This same procedure is 
used in tool and equipment provision. 

Determination of order quantities for 
overhaul parts on accessories and other 
components is usually not accomplished 
at the main provisioning team meetings 
at the aircraft manufacturer’s plant. 
This portion of the work is generally 
handled between specialists on the 
maintenance engineering staff of the 
planning group, and the individual 
manufacturers of the components, ac- 
tual purchase orders being processed 
by the purchasing department. How- 
ever, there still continues to be coordi- 
nation by the spares planner and pro- 
visioning team chairman. 

Task of adequately training a large 

plexities of a new large commercial 
aircraft is a big one. Planning this 
part of the program is the responsi- 
bility of the training planner. Sched- 
ules and curricula are laid out for 
training at the aircraft factory, the 
engine factory, and at some of the 
more complex accessory factories. 

Bulk of the training is, however, per- 
formed at the main base. Courses must 
be laid out, instructors trained, mock- 
ups ordered or built, and a detailed 
program for the local training classes 
designed. The program must be so 
designed that a sufficient number of 
personnel are trained before the ar- 
rival of the aircraft to enable it to be 
operated efficiently, yet the number of 
persons assigned to classes cannot peak 
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to the poiut of unduly affecting current 
operations. Courses generally will start 
at the main base approximately 3-6 mo. 
before arrival of the first aircraft. Fac- 
tory courses start earlier, in some 
cases, in order to train instructors and 
to prevent peak training loads. 

Possibly the most diverse series of 
functions is given to the organiza- 
tion and procedures planner. Part of 
his staff is made np of the maintenance 
engineering team. Other members with 
extensive shop experience and plan- 
ning experience make up the rest. 

Continuous vs. Periodic Service 

Their functions include setting up 
servicing patterns for the aircraft, in- 
cluding time limits at which the pre- 

Analysis is made to determine whether 
continuous maintenance or periodic 
overhaul is the best policy for the 
particular operation. Studies are made 
of each component of the aircraft to 
decide whether it should be overhauled 
in Pan American shops or whether 
the work should be subcontracted. 

The maintenance organization is re- 
surveyed to make sure it is properly 
set up for the changes brought about 
by the new aircraft type. Once the 
organization plan is decided upon, re- 
sponsibility- .will be set for the various 
types of work to be performed. For 
instance, more and more electronic 
equipment is being installed on new 
aircraft. For each component there 
must be a decision as to which of the 
shops — radio, instrument, electrical, or 
accessory — will be responsible for its 
overhaul. Once the decision is made, 

and parts will be provided. 

Manpower requirements for each 
shop, servicing crew, station, and office 
function are forecast so that steps may 
be taken toward hiring and training the 
personnel. Cost studies and estimates 
of performance are made to allow rea- 
sonably accurate predictions of opera- 
tional costs and aircraft utilization 
which may be expected during the first 
months of operation. Rough standards 
are set for servicing after elapsed times 
and at overhaul times, covering each of 
several stated periods, and the mainte- 
nance goals are thus set. 

Eveiy component on the aircraft is 
studied in detail, and provisions are 
made for inclusion in the maintenance 
manual of every known piece of infor- 
mation concerning operation, installa- 
tion, removal, servicing, overhaul, and 
trouble shooting of the various com- 
ponents. If adequate information is 
not available, service test runs are ar- 
ranged, if possible, to procure the in- 

In other words, an effort is made to 


get — before the airplane arrives — that 
information which is usually not de- 
termined without costly delays in 
service. Generally it is not properly 
obtained even then, because of the press 
of other equally urgent problems. 

Finally, standard forms and proce- 
dures must be prepared for the par- 
ticular aircraft. All service and over- 
haul forms, flight engineer’s sheets, 
etc., which must be used will be de- 
signed, and instructions for their use 
will be issued. 

Standard “best way” job methods 
for doing repetitive jobs will be sought 
out and set up before the new craft 
arrives. These methods will be used 
during the training program, assuring, 
as nearly as possible, teaching of the 
“best way” the first time. 

All of the planning group’s work is 
in close unison with existing operating 
groups. It is mainly the responsibility 
of the planning group to see that the 
planning job is done, but this does not 
relieve the operating group of respon- 
sibilities. 

In turn, it is the responsibility of 
the planning group to develop prac- 
tical plans which will be the best. So 
planning group personnel must con- 
stantly consult with the operating 
group, both as to policy and details. 

It is only by so working in unison 
that the resulting plan will have the 
wholehearted support of every one 
concerned, and will embody the best 
thoughts of the maintenance depart- 
ment. A plan, no matter how well 
thought out, is of no use if those who 
must put it into effect disavow any 
responsibility for it. 

Costs Money. But Pays Off 

Naturally, such detailed planning 
costs money. It must pay off, and it 
does. Anyone who has been closely 
associated with the results obtained 
when an organization which has not 
been prepared receives a new fleet 
of aircraft, need not stretch his imag- 
ination to see what could have been 
done to eliminate the extremely eostly 
confusion which reigns. 

Experience of the military forces, 
resulting in painstakingly detailed 
planning for major operations, has 
been chronicled often enough to be fa- 
miliar to most of us. But a more easily 
understandable comparison might be 
made with a man who is told to drive 
from New York to San Francisco im- 
mediately — without checking his car, 
packing his bag, making reservations, 
or consulting any maps. If he con- 
sistently heads for the setting sun, 
and asks enough directions, and if his 
pocketbook holds out, he will probably 
make it some day, but the cost, time, 
and patience involved would be in- 


comparably higher than if he had first 
taken out a day to plan his trip. 

Benefits to be derived from plan- 
ning for maintenance are emphasized 
by contrast with cases in which such 
planning has not been applied. Un- 
fortunately, examples of non-planning 
are not rare. Consider, for instance, 
the engine installation which requires 
disassembly of the engine starter in 
order to remove it, upon failure — and 
compare it with the well-thought-out 
design which allows free and easy ac- 
cess to all accessories. 

Adequate space for all phases of 
the operation would seem to be a 
simple and obvious thing to plan for. 
Yet the present seriously cramped con- 
ditions of a large number of our air- 
ports attest to how badly it has been 
neglected, both on the loading ramps 
and in the maintenance areas. Delays 
running into hours, also flight can- 
cellations, have been a direct result of 
this congestion. 

Delays, damage to expensive parts, 
and serious injuries to workers result 
from the lack of proper tools and 
equipment in proper supply. It is 
possible for an airplane to be held up 
several days at a distant station because 
of the lack of a single specialized, but 
commonly used, tool. Yet we know 
these needs can be foreseen. 

Huge amounts of time can be saved 
by training. Properly trained men do 
the job correctly the first time and in 
a fraction of the time required by un- 
trained men. The tremendous cost of 
doing skilled work with unskilled men 
is well recognized. 

As for organizational and procedural 
planning, a few specific examples may 
clarify -the point. It is basic that if 
there is insufficient manpower, the jobs 
will pile up and delays result. When 
poorly thought out, procedural rules 

fusion and lost time. Poorly organized 
team effort will not produce results. 
Standardized work methods have in 
the past reduced man-hours on an en- 
gine service from 120 to 10, elapsed 
hours on a rigging problem from 72 
to 6, and preservice-rontine hours 
from 2 to Vs- 

When it is considered that the earn- 
ing power of a present day four-en- 
gine plane is in the neighborhood of 
$5,000 to $15,000 per day, the value 
of saving operable plane-days is evi- 
dent, The accumulation of all the bene- 
fits and savings that good pre-planning 
for maintenance can effect will mean 
the difference between high and low 
utilization, low or high operating costs, 
an excellent safety record or a poor 
one. on-time performance or cancelled 
departures, a profit or a loss — in short, 
success or failure. 
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SLICK 


is the word for it. 



They're picking blackberries in Texas today ... to 
be sold in Chicago tomorrow! Purebred cattle, graz- 
ing on a Texas range Monday, will be munching 
contentedly in a New Jersey meadow Tuesday! That's 
airfreight — swift, safe transportation of every con- 
ceivable type of commodity. 

Whether it's a load of grapes from California, tires 
from Ohio or a 1907 automobile being returned to 
Detroit, airfreight gets it there — FAST! Already 
established as a leader in its field. Slick Airways, Inc., 
San Antonio, Texas, has hauled an amazing variety of 
commodities in its fleet of Curtis Commandoes. Con- 
verted to commercial use, these trim, speedy planes 
carry 6-ton loads from Coast to Coast, Great Lakes 
to Gulf. Shipping the Slick way — by air — is trans- 
portation that eliminates time and distance obstacles, 
opens fresh, new markets to shippers everywhere. 



To keep pace with the rapid development of 
air freight lines, aircraft designers must provide 
planes with greater cargo-carrying capacity, 
without sacrificing speed. To meet this challenge, 
designers can, as always, bank heavily on the 
slreng/h-without- weigh t advantages inherent in 
OSTVCO Seamless Steel Tubing ... advantages 
already embodied in all U. S. -built aircraft. 



THE OHIO SEAMLESS TUBE COMPANY 
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BERRYLOID 

Aircraft Finishes 


new planes are 
coming through 

in BERRYLOID" 


JUt.Paints^ Varnishes • Enamels • Lacquers WJt 

BOSTON • JERSEY Cl 


with you in the selection of colors and color 
combinations to insure pleasing color harmonies, 
maximum visibility in air and on ground, and 
maximum durability of finish. (JBerry Brothers 
Aircraft Finishing Materials are also available 
in a complete line for refinishing and main- 
tenance work. Ask any Air Associates office 
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Republic Aviation Corporation’s superb 
airliner brings to transportation a new 
high speed service through the sub-strato- 
sphere. Particularly important to this high 
altitude operation is the ability of the 
Rainbow's Curtiss Electric Propellers to 
dependably perform all operations, in- 
cluding feathering, under any condition 
of temperature or atmosphere. 

The Rainbow’s landings will be braked 
by its Curtiss reversibles, whose smooth 
action is available regardless of ground 
conditions — and passengers will enjoy 
the rhythmical hum of its powerful en- 


gines, perfectly tuned at all times by the 
Curtiss automatic synchronizer control. 

To American Airlines System and Pan 
American Airways, soon to add the 
Rainbow to their sky fleets, these Curtiss 
features mean greater passenger appeal. 
They can count on the proven reliability 
and durability of the propeller mechan- 
ism and the hollow steel blade to reduce 
maintenance costs. The simplified cockpit 
controls of the Curtiss Propeller instal- 
lation will make possible easier and 
more efficient operation by Rainbow- 
flight crews. 





CURTISS 


ELECTRIC 

PROPELLERS 





New B. F. Goodrich assembly 
gives maintenance men a break 


T HE Braniff International Airways 
mechanic shown in the picture is 
completing one of the easiest of his 

hauled a B. F. Goodrich Expander Tube 
brake. The mechanic likes the brake 
because he doesn't have to tear the 
whole thing down to replace the brake 
lining, and he doesn't need a lot of 
special tools to do the work. 

The engineers at Braniff like the ex- 
tremely low maintenance cost. There 
are two reasons why that cost figure is so 
low. The brake needs less maintenance 
when it is in the shop, and it is in the 
shop less often than other type brakes. 


One reason for this is that a hydrauli- 
cally operated tube forces brake blocks 
against the brake drum evenly all the 
way around. This results in powerful 
action with minimum pressure and 

The designer likes the simplicity of 
design for another reason. The B. F. 
Goodrich Expander Tube brake can be 
made lighter for a given amount of 


kinetic energy than any other type brake. 
From the Lockheed Constitution to the 
Piper Cub, this advantage has proved 
itself on every type of modern aircraft. 

B. F. Goodrich Silvertown tires, 
wheels and brakes are now sold as a 
complete assembly— an important new 
service to airlines and to manufacturers. 
The B. I : . Goodrich Company , Aeronau- 
tical Division, Akron, Ohio. 


B.F. Goodrich 

FIRST IS RUBBER 


aviation's MAINTENANCE NOTEBOOK 



Floor-Pit Electrical Receptacles 
Protected Against Short Circuits 

•Those spring-loaded caps on electrical 
receptacles in PAA’s Atlantic Div. 
hangar floor pits successfully exclude 
water and dirt sweepings, to sharply 
curtail one source of short circuiting. 
As result of installation, maintenance 
repairs on receptacles have been de- 
creased to 20% of former requirement, 
with yearly savings approximating 
$1,200. Improvement was suggested by 
Jimmy Kloberg of line’s machine shop. 


Efficient Spray Equipment 
Cuts Plane Washing Time 

•This 55-gal. pressurized drum with 
hose and spray gun is effectively used 
for washing down aircraft at PAA'a 
La Guardia Field base. Method was 
initiated to replace suction type spray 
gun involving use of 5-gal. cans, which 
required frequent tilling and holding at 
spray level. 

New equipment, affording estimated 
time saving of 237 hr. per month and 
cash saving of $2,417 annually, is idea 
of Joseph Zaslow of line's short service 
activity. 
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SENSENICH BROTHERS 


M 


SOMETHING /VOW ON THE NOSE 





OF THE 


Me 


euf SUPER CRUISER 


Crowds thronged around the new 
Piper Super Cruiser at the great 
National Aircraft Show. 

They thronged, too, at the Sensenich 
booth where a demonstration cutaway- 
model of Sensenich Brothers new 
skyblade was being shown for the first 
time. Engineers, designers, pilots 
praised the simple, practical design of 
this lightweight, two-position control- 
lable pitch propeller. 

Now purchasers of the Piper Super 
Cruiser can enjoy either the propeller 


performance of a Sensenich fixed pitch 
propeller which is standard equipment 
or the new controllable skyblade as 
special equipment. It’s just a matter of 
changing the prop. 

For more than a quarter of a century 
Sensenich has concentrated its produc- 
tion on high quality wood propellers 
only. There is scarcely a pilot who 
hasn’t flown behind a Sensenich. This 
proof by performance has made Sensenich 
Brothers the world’s largest manufac- 
turer o { wood aircraft propellers. 



Main Plant, LANCASTER, PA. • West Coast Branch, GLENDALE, CALIF. 
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announcing 

the I ( Yearbook Issue 
of 

the industry’s most complete, 
authoritative and up-to-the-minute 
source of basic reference material on 
United States and foreign 
military, commercial and personal 
aircraft and engines 


Aviation’s Annual Yearbook Issues 
have long been regarded as the basic source 
of information for all types of military, 
commercial and personal aircraft and engines. 

The 14th Annual Edition this year will contain by far 
the largest collection of facts, figures, data 
and specifications on foreign planes 
that has ever been assembled. 

Aviation’s 1947 Yearbook Issue will be used daily 
as a standard reference source of valuable working 
information by men of management, design, engineering, 
research, production, purchasing — by those men 
who represent the buying power of the industry. 

Its continuing value makes this issue of Aviation a MUST 
on any thoughtfully scheduled advertising program. 

No Increase in Advertising Rates. Write or wire 
your reservations at once. 




1 4th Annual 
Yearbook Issue 
Coming In March 


Aviation 


A McGRAW-HILL PUBLICATION 

330 WEST 42nd STREET • NEW YORK 18, N. 
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GAIN POWER, RANGE and MANEUVERABILITY 
with the HARTZELL HYDRO-SELECTIVE PROPELLER 



The Navion, a big, sturdy, 4-place plane with plenty of luggage capacity, and 
the Seabee, a roomy, all-metal 4-place amphibian, are setting new high stand- 
ards in the field of planes built for business and pleasure. And their superb 
maneuverability — their speed — their economical cruising — their quick take-off 
ability — is gained with the Hartiell Hydro-Selective Propeller. With this new 
propeller you can, to a great extent, control flight characteristics as you fly. 
Shorten take-off run if necessary. Increase maximum speed as needed. Cut fuel 
consumption. The performance changes needed as you fly are at your fingertips. 

You'll like the Hartiell Hydro-Selective Propeller, and you'll like these two 
planes. Investigate them. The Seabee is made by Republic Aviation Corpora- 
tion, Farmingdale, L. I., New York; the Navion is a product of North American 
Aviation, Inc., los Angeles 45, California. 


HARTZELL PROPELLER CO. 

DESIGNERS AND MAKERS OF AIRPLANE PROPELLERS AND ENGINE TEST CLUBS 

480 HEITZMAN AVE., PIQUA, OHIO, U. S. A. 
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Spun Glass Cord Lacing 
Effective for Radio Harness 

• In order to save maintenance man-hours, 
UAL employs Owens-Coming Fiberglas cord 
to lace wiring harness of two-way radio com- 
munication unit. Used to replace linen cord, 
which was affected by heat and high humid- 
ity, spun glass material is treated with 
beeswax to facilitate handling during tying 
operation. 

With use of new cord, time saving at line’s 
Cheyenne maintenance base is estimated at 
600 man-hours yearly. Procedure was sug- 
gested by Warren Rush, mechanic’s helper at 
Cheyenne. 




Rotary Hearth Oven 
Speeds Cylinder Overhaul 

• To facilitate installation of valve guides, spark- 
plug bushings, and valve scats, this oven was 
jointly designed by Northwest Airlines’ superin- 
tendent of maintenance. Martin Leadon, and Carl 
Magnuson, engine shop foreman. 

Unit has rotary hearth accommodating seven 
cylinders, thermostatic control for uniform tem- 
perature of 400 deg., pneumatically operated foot 
pedal for door actuation, and rotation mechanism 
operating to line up cylinder with door by afford- 
ing one-seventh hearth turn for one turn of crank. 

Process eliminates old method of using torches 
to heat cylinder, involving at least 1 hr. installa- 
tion time for seven guides. With oven unit, only 
3 min. are required to remove seven cylinders and 
install guides. 
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World’s largest line of 


Whatever your production needs, you can select 
exactly the right equipment from Chicago Pneumatic 
Tool Company's wide range of Pneumatic, Universal 
Electric and Hicycle Electric tools. 

These include Riveters, Riveting-Dimpling 
Machines, Drills, Impact Wrenches, Screw Drivers. 
Nut Runners, Grinders and Sanders, Tappers, Planish- 
ing Irons, Safety Balancers; also Air Hose, Couplings 
and Nipples. 


AVIATION 

TOOLS 




tic roots 


C« icaga Pneumatic 

TOOL COMPANY 

General Offices: 8 East 44th Street, New York 17, N. Y. 
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GLIDAIR AIRCRAFT PRODUCTS 

DISTRIBUTED BY... 


SNYDER AIRCRAFT CC 


SNYDER AIRCRAFT CC 
SNYDER AIRCRAFT CC 

SUPPLY DIVISION, INC. 
SUPPLY DIVISION, INC. 

SUPPLY DIVISION, INC. 

SERVAIR, INC. City Ai 
PIEDMONT AVIATION. IK 

SOUTHWEST AIRMOTIVE 


al Airport, Omaha, Neb. 


AIRCRAFT FINISHES 


{fl h 

r \t % 

GLIDAlk) 

AIRCRAFT FINISHES 
I Time-tested* 




The Glidden Company is in aviation to stay, proving it by 
devoting all its resources to perfecting better finishes for 
every need on every kind of plane. You don’t spend over 
29 years satisfying the finishing needs of all kinds of indus- 
tries without achieving the "know how” to successfully 
serve another. And that’s the story behind the outstanding 
quality of Glidair Aircraft Finishes by Glidden ! • For these 
quality Glidair products— for expert help on any finishing 
problem, see your nearest Glidair Distributor or write 
Glidden Headquarters. 

THE GLIDDEN COMPANY 

AVIATION SALES HEADOUARTERS a 11001 MADISON AVENUE a CLEVELAND 2, OHIO 


GLIDAIR FLYING COLORS 


/liadekf Glldd © It '/^cemaAen iH 'AutiZ 
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THEY am BE TOP QUALITY 
OR THEY MUST BE SCRAPPED 



AUTOMOTIVE AND AIRCRAFT DIVISION 

AMERICAN CHAIN & CABLE 


la Business for Your Safety 


re is only one standard of quality 
in TRU-LAY Aircraft Cable and 
TRU-LOC Terminals. If they pass 
our rigid inspections, they’re as 
good as we know how to make 
them. If they don’t, they’re scrap. 
"B grade” or "seconds” have no 
place in this business of making 
controls for the Aircraft Industry. 


* 


Detroit, Michigan— American Chain & 
Cable originated swaged terminals and the 
preformed cable that makes them possible. 

Perhaps that is not important in itself. 
But it means that our engineers have been 
working close to the aircraft industry al- 
most since its beginning. As improved air- 
planes demand improved cable controls, 
we anticipate such demands and meet them. 

In short, you can always depend upon • 
Tru-Lay Cable and Tru-Loc Terminals.# 
They’ve always been dependable— always#/ 
,will be. 

If you do not have copies of our file 
literature, write our Detroit office. 


• 695 Bryant Street, Sen Francisco 7 • Bridgeport, Conn. 
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Lightplane Anti-Fire Unit 
Means Extra Safety 


Special Kidde carbon dioxide system, installed in Ercoupe used by 
pleasure-and-business flyers, gives thorough protection. 


A CUSTOM-BUILT fire extinguishing 
system that may be the forerun- 
• ner of a standard packaged sys- 
tem of personal planes has been en- 
gineered by Walter Kidde & Co., 
Belleville, N. J., and installed in an 
Ercoupe. 

Owners of the craft, Craig and Lin- 
coln Walsh of Madison, N. J., combine 
business and pleasure in their flying. 
Operators of the Walsh Engineering 
Co., Elizabeth, N. J., specializing in 
electronics, they rely heavily upon the 
Ercoupe for business trips. 

Craig Walsh, witnessing final in- 
stallation and tests, commented, “We’re 
just making one of the safest planes 
even safer. Neither my brother nor I 
have ever experienced a plane fire, but 


it would be uncomfortable — to put it 
mildly— to have one. If a fire protec- 
tion system is possible, it’s just plain 
common sense to install it.” 

Several months of mockup testing 
of various designs preceded the actual 
installation, which weighs about 20 lb. 
Essential components consist of a spe- 
cial lightweight aviation cylinder con- 
taining 5 lb. of liquid CO, under pres- 
sure, a pull-release handle, and piping 
leading from the bottle to strategic 
spots in the engine compartment. 

Cylinder and release handle are lo- 
cated in the cockpit, and piping leads 
through the firewall and branches out 
to cover the section in front of the air 
baffle, the air scoop, air duct, and 
carburetor intake. 


When released by the pull handle, 
the COi gas rushes through the piping 
and out perforations or discharge holes, 
where it expands to 450 times its stored 
volume. Reaching into every corner of 
the engine compartment, this tremen- 
dous volume of inert gas dilutes oxygen 
content of the air, smothering flames 

plishing its task, the gas evaporates: 
it leaves no tell-tale residue, and it 
does not harm engine or fuselage in any 
way. Piping to the carburetor intake 
ends in a small nozzle (rather than per- 
forations) which feeds carbon dioxide 
more efficiently to this vital spot. 

A convenient check prior to flight 
is made possible by installation of a 
visual-type red disk in the fuselage skin 
near the cockpit. Connected to the 
safety release of the cylinder by small 
dia. tubing, this fitting will blow out, 
permitting overboard discharge of the 
CO„ when excessive temperature raises 
pressure in the cylinder to 2,650 psi. 
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Aviation People 

chairman of board of Republic. For- 
merly pres., he Joined company in ’42 as 
y.-p. Born in Zurich, he was educated 
as a mechanical engineer. He has over 
500 patents in his name, and is a mem- 
ber of Board of Governors of AIA, an 
associate fellow and director of IAS, 



A. Marchev M. I. Pealc 

governor of Wings Club, and a member 
of SAE. Mundy I. Pealc (photo) has 
been elected pres, of Republic, succeed- 
ing Mr. Marchev. Formerly v.-p. and 
gen. sales mgr., he directed company’s 
Indiana dlv. during war. In '30 he took 
a master pilot’s course at Boeing School 
of Aero., becoming a transport pilot, and 
shortly after was appointed Western 
factory representative and demonstra- 
tion pilot for Sikorsky div. of United. 
From there he went to Hamilton Stand- 
ard as service representative, and previ- 
ous to joining Republic, he had been 
quality mgr. for Sikorsky. Alexander 
Kartveli (photo) has been elected to 
Republic's board of directors. He has 
been v.-p. and chief engineer of com- 
pany since its formation in ’39, and is 
responsible for design and development 
of P-47 Thunderbolt, P-84 Thunderjet, 



A. Kartveli H. W. Fllcklnqer 

and XF-12. Bom in Russia, he received 
his education as an aero engineer in 
Paris. He is affiliated with International 
Aviation Fraternity, Society of Aero- 
nautical Weight Engineers, and Is a 
fellow of IAS. Harrison W. Flickinger 
(photo), v.-p. at Republic, has been ap- 
pointed Wash, representative for com- 
pany. During war he was a It. col. in 
AAF, and served as Republic’s repre- 
sentative in ETO. He was Knighted in 
Order of Vasa by King of Sweden for his 
service to Swedish Air Force, and he 
received special commendation from 
Generals Arnold and Spaatz for his 
liaison work overseas. 

A. J. Weatherhead, Jr., pres, of The 
Weatherhead Co., Cleveland aviation 
parts firm, has been elected pres, of 
Aviation Distributors & Manufacturers 
| Assn. He is well qualified for this post, 
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cuts new exhaust fan bearing unit 

• 25% in weight 

• 66% in assembly time 


Use of Waldes Truarc Retaining Rings permits housing re- 
design— eliminates heavy cast bearing caps and screws requir- 
ing drilling and tapping; lowers labor and material cost. 


"TRUARC PAYS DIVIDENDS IN SAVINGS!" 
declares M. & E. Manufacturing Company, 
of Indianapolis, makers of exhaust fans tor 
industry. "Improvements in design made 
possible by Waldes Truarc Retaining Rings 
provide a quieter, freer-running assembly, 
assure longer life to the entire unit, eliminate 
the hazards of uneven unnecessary pressure 
on the bearing and minimize future service 
requirements. In our experience Truarc has 
definitely proved itself the better method for 
doing an important job." 


Truarc does a better job on axles and shafts 
for retaining and positioning wheels, pulleys, 
cams and gears. In widely varied applications, 
designers find its never-failing grip, its pat- 
ented design that assures constant circularity, 
make Truarc the better way to hold machine 
parts together. Production and maintenance 
men in many industries see how Truarc rings 
cut costs sharply, maintain accurate, unvary- 
ing relationship of parts. Send us your draw- 
ings; Waldes Truarc engineers will be glad 
to show how Truarc can help you. 







having had broad experience in avia- 
tion as well as other fields. He succeeds 
W. F. Scott, Jr., Supply Division, Inc., 
Robertson, Mo., who becomes a member 
of the advisory board. 

Gen. Oliver P. Echols (photo), former 
deputy commander of military govern- 
ment in Germany and director of civil 
affairs in War Dept., has been appointed 
pres, of Aircraft Industries Assn. In his 
new post, he will actively direct pro- 
gram of group. 

Terrell C. Drinkwater (photo) has been 
made pres, and chief executive officer 
for WAL. Previously, he had been v.-p. 
of AA, and prior to that an official with 
CAL. His hq. will be in Cal. 




Alloy Quality 
Doubl y Assured 



RYERSON STEEL 

Joseph T. Ryerson & Son, Inc., Plants: New York, Boston. Philadelphia, Detroit, Cin- 
cinnati, Cleveland. Pittsburgh, Buffalo, Chicago, Milwaukee, St. Louis, Los Angeles. 


'35 a: 


tl aviation veteran of 


national advertising committee and 
1c committee, air express, and is 

ital affairs committee of ATA. In 
addition, D. B. Myers, Jr., has been 
named asst, to pres, of Braniff. George 
F. Chapline (photo) , has been appointed 
gen. mgr, of Ranger Aircraft div. of 
Fairchild Engine and Airplane. He has 
•iously been v.-p. of Wright, also 
, of Brewster. A graduate of An- 
olis, he is an experienced pilot and 



C. E. Beard G. F. Chapline 


has completed post graduate work in 
aeronautical engineering at MIT. Dur- 
ing war, he was a capt. in Navy and a 
member of staff of Adm. Nimitz. 

C. C. "Chet” Pearson (photo) has been 
named gen. mgr. of Curtiss-Wright, 
with Columbus, Ohio, hq. Previously, he 
was Eastern representative for Douglas, 
and during war was mgr. of its Okla. 
plant. Joseph F. McCarthy (photo), has 
been elected treas. and controller of 
Curtiss-Wright. Formerly, he was fl- 



J. F. McCarthy C. C. Pearson 


nance chairman and a director of 
United Aircraft, and earlier was chief 
accounting and financial officer for 
United Aircraft & Transport Corp. John 
T. Wetzel has been appointed asst, to 
gen. mgr. in charge of pub. rel., and 
R. S. Huested has been transferred to 
C-W’s export sales div. 

Norman Nicholson has been appointed 
mgr. of dealer sales for Pacific Alrmo- 


Wayne Wiesncr has joined United Heli- 
copters as asst, chief engr., Robert A. 
Wagner, James P. Rigby, and Joseph 
Stuart have joined engineering staff. 
AA appointments: R. E. S. Deichler, 
v.-p.-traffic, was elected a director; 
C. W. Jacob was elected v.-p. and di- 
rector; and Capt. Cameron T. Robert- 
son has been appointed supt. of flying. 
Bob Brahm has been named wholesale 
sales representative for Volador, Inc., 
Ercoupe distributors. 

Burnham Adams has been appointed 
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THE HANSEN MANUFACTURING CO. 


1786 EAST 27th STREET 


CLEVELAND 14, OHIO 


FOUND 


MANy NEW USES f or 

HANSEN 

COUPLINGS 


Hardly a day passes that adaptations to new 
uses for Hansen couplings are not found- 
many being discovered right in the field. 
The possibilities of Hansen Couplings are 
unlimited because of their simplified design, 
adaptability, and remarkable performance. They 
can be used anywhere, within their wide range 
of standard sizes, on anything that handles 
air, oil, grease, oxygen or acetylene— and will 
handle pressures from ounces to 10,000 pounds. 
To connect a Hansen hose coupling, you merely 
push plug into socket— to disconnect, slide 
the sleeve back with your thumb. In both 
cases, flow is immediately and automatically 
turned on or off. No time wasted, no losses. 



West 



STANDARD DESIGNS 
OR 

CUSTOM BUILT 


TYPICAL DESIGNS 


• Scott control wheels ore ’Safety-Engineered" and designed for 
exceptional strength, with ductility and low weight; curved to con- 
form to the chest, providing high impact absorption— protection 
for the rare but possible hazard of bodily impact. The choice of 
thoughtful designers, seeking to improve cabin protection. 

Molded and fabricated— finished with Tenite No. 2 Plastic, in any 
of 17,000 shades to match or contrast with interior trim. A deep 
lustrous finish, soft and pleasing to the hand, unaffected by. tem- 

Castings used are not just "castings," but are "Scott-Cast" Castings 
of unexcelled strength and ductility. A choice of Scott "Safety-Engi- 
neered" Standard Models, in any color, with or without insignia. 
New ond distinctive models can be quickly developed to satisfy 
styling desires and requirements. You will be agreeably surprised 
at the low cost. Write today for detailed information on Scott 
’Safety-Engineered" Control Wheels. 


SCOTT AVIATION CORP. 

214 ERIE STREET, LANCASTER, N. Y. 
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L. S. Hoisted, NWA, has been elected 
pres, of Airline Flnapce & Accounting 
Conference for 1947, with L. B. Judd, 
DAL, as 1st v.-p., and J. A. Uhl, CAL, 


G. Edward Pendray has been engaged as 
counsel on rockets and jet propulsion 
for Daniel & Florence Guggenheim 
Foundation. 

James L. Straight has been appointed 
Western mgr. for IAS. 

Harry R. Stringer has been appointed 
asst, to chairman of Sea-Air Committee 
of National Federation of American 
Shipping. 

Rear Adm. Leslie C. Stevens has been 
appointed to NACA main committee. 
Reappointed to NACA are Dr. Vannevar 
Bush, pres, of Carnegie Inst, of Wash., 
and Arthur Raymond, v.-p.-englneering, 
Douglas. 

Dr. F. E. Sorenson, assoc, professor of 
education at Nebraska U., has been 
awarded 1940 Frank G. Brewer trophy 


development of air youth In field of 
education and training. 

Charles H. Murchison has been ap- 
pointed gen. counsel for Capital Air- 

director of passenger service. 

Lt. Col. William L. Rich has been ap- 
pointed acting sec'y. of Aviation Section 
of N. Y. Board of Trade. 

Scandinavian Airlines v.-p. elections: 
Max Wcstphall, with Wash, hq., Gert 
Meidell, Mark Maidel, Theodore P. 
Gould, with N. Y. hq. George Held has 
resigned as dir. of pub. rel. and adver- 
tising. 

Inst, of Public Relations elections: 
V.-p's. named are: Benjamin N. Lesk, 
William P. Reed, William Kostka and 
Hubert Holloway. Inst, represents Alas- 
ka Airlines and Independent Airfreight 


G. Donald Murdoch has been elected 
v.-p. in charge of planning for MCA. 
Maj. H. K. de Graaf has been appointed 
supt. Pacific div. of Royal Netherlands 
Indies Airways, with Los Angeles hq. 
Glenn H. McCarthy was elected a di- 
rector Of EAL. 

American Helicopter Society elections: 
R. H. Prewitt, pres., David Forman, 
v.-p., C. A. Anderson, secy., V. Roxor 
Short, treas., R. B. Lightfoot, technical 
chairman, Charles Gale, publicity chair- 
man, T. R. Pierpont, membership chair- 


M. L. Godman has been named associate 
deputy administrator for Office of Air- 
craft Disposal, WAA. 

Russell R. Vought, v.-p. and West Coast 
gen. mgr. of United Service Corp., was 
awarded 25-yr. service pin by pres, of 
United. Erie Martin has been appointed 
gen. mgr. of Hamilton Standard Div. 
James P. Cunningham has been ad- 
vanced to v.-p. of Luscombe. 

George B. Pottorff has been appointed 
pub. rel. representative for PAA in cen- 
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Stetin&M Stk£/ 


FOR RESISTANCE TO HIGH TEMPERATURES AND CORROSIVE GASES 


I N tile past five years thousands of 
Stainless Steel manifolds like this 
have had crowded into them service 
equal to decades of peacetime oper- 
ation. Their successful performance 
has demonstrated how sound was 
the government directive that speci- 
fically authorized Stainless Steel “for 
all plane parts that come into contact 
with exhaust gases and which are 
exposed to high temperatures.” 
Today with wartime restrictions 
removed you can really put U-S-S 
Stainless Steel to work. Not only to 
improve the performance of exhaust 
'stacks, collector rings, venturi cowl- 


ings, firewalls, etc., but also to in- 
crease the efficiency of structural 
parts and control surfaces. 

In aileron struts, in rudder, ele- 
vator and stabilizer frames, the 
strength of U-S-S Stainless will in- 
sure the highest strength-weight 
ratios. Its superior corrosion resist- 
ance eliminates the need for making 
allowances for weakening. Its ability 
to better withstand fatigue, shock 
and abrasion, results in longer life 


And because U-S-S Stainless Steel 
has exceptional formability, can be 
readily spot welded at high speed, its 
use materially lowers fabrication 

U-S-S Stainless Steel is available 
in the most complete range of sizes, 
forms and surface finishes obtainable 
anywhere. Our engineers will gladly 
cooperate with you in applying it 
most economically. 


U-S-S STAINLESS STEEL 


- WIRE • SPECIAL SECTIONS 


COLUMBIA STEEL COMPANY, San 

NATIONAL TUBE COMPANY, Pittsburgh 
NNESSEE COAL, IRON & RAILROAD COMPANY, Birr, 




UNITED STATES STEEL 


AVIATION, February, 1947 






AIRLINES landings are made safely, regularly under low visibility conditions 
on a Bartow-equipped runway without reducing present proved minimum 
safety standards. When, for example, reported ground visibility is given at % 
mile, Bartow lighting on the runway increases cockpit visibility to one mile. 
Bartow high intensity approach and runway lights provide a powerful beam 
which is scientifically controlled to give maximum penetration and freedom of 
glare under adverse atmospheric conditions. Traffic control is improved, over- 
shots eliminated, delays and cancellations greatly reduced. 

Bartow high intensity approach and runway lighting was developed by Bartow 
Beacons, Inc., in collaboration with well known pilots and engineers. It has been 
proved over a number of years of development and tests. During the war the 
entire production— nearly 40,000 units, went to the armed forces for installation 
throughout the world. 


BARTOW 

Beam -Controlled Unit 

Barlow lighting il a system conslsl- 



Pilots who have flown in the Aleutians, in Newfoundland and in other tough 
flying, low visibility areas can tell you what Bartow lighting did to help them. 
Reports on operations at such locations show increase in operation with decrease 
in loss of personnel and equipment after installation of these lights. 

It is safe to say that while you are reading this, somewhere around the world 
these lights are helping some pilot make a landing that would not otherwise be 
possible. Now Bartow units are released for civilian airports in the United States, 
Europe, and in other countries. 




r 


LINE MATERIAL 

AIRPORT LIGHTING 




FOR : Maximum Safely ■ Minimum Cancellations 
Minimum Passover ■ Shorter Landing Time - Minimum Storking up 


Bartow 

High Intensity Approach 
and Runway Lighting ... 


Maintain Scheduled Operations in Low Visibility 
Conditions Caused by Fog, Sleet, Snow, Rain or Dust 
. . . with Bartow High Intensity Runway Lighting 

THE PROBLEM: 

Bartow lighting works with, and is supplementary to proper instru- 
ment and radio approach procedure. On instruments, a pilot can 
approach to within his specified minimum altitude and can be 
within 300 feet of the center line of approach, depending on the 
skill and confidence of the pilot, wind conditions, and the accuracy 
of his equipment. The actual landing must be accomplished by 
visual contact. 

The pilot must see, not necessarily the runway surface, but its out- 
line by lights which establish a perspective. Perspective is required 
for accurate judgment of altitude, attitude, direction, distance and 


Bartow Lights Give Maximum Penetration 
and Proper Perspective Without Glare 



particles are lighted with high intensity, 
causing glare. 






Y line material 

AIRPORT LIGHTING 
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tral Pacific district with Honolulu hq. 

William A. Mara has been appointed 
director of advertising for Bendlx Avia- 
tion. 

H. Arthur Hook has been named asst, 
administrator for airports with Civil 
Aeronautics Administration. 

Edward G. Serle is now mgr. of agency 
and interline dept, of North American 
div. of KLM Royal Dutch Airlines. 

Jack D. Porter has been named mgr. of 
airship advertising for Goodyear. 

Ludwig B. Kalinowski, formerly asst, 
chief engineer for Kellett, is now asso- 
ciated with East Coast Aeronautics, 
Inc., in same capacity. 

John B. Thurston, formerly director of 
indu strial engineering and treas. of 
TWA, has formed his own company of 
management engineers and aviation 
consultants known as Thurston & Co., 
with N. Y. hq. 

N. J. Aviation Trades Assn, elections: 
W. R. Laudcnslnger, pres.: Edward I. 

and treas. 

Scandinavian Airlines appointments: 
Theodore P. Gould has been named 
v.-p. for traffic and sales in North 
America. Charles A. Rheinstrom has 
been retained as consultant. 

John B. Shallenberger has been ap- 
pointed foreign sales representative for 
Douglas. 

William H. Klenke, Jr., has been ap- 
Stinson div. 

Brig. Gen. Lawrence J. Carr has re- 
signed as chief of operations for Trans 
Caribbean Airways. 


Harry R. Stringer has resigned as v.-p. 
in charge of traffic, pub. rel., mail, and 
advertising for All American Aviation. 

Lt. Comdr. Jules M. Don, USNR, has 
been appointed aircraft engineer for 
Bristol Co. 

L. Welch Pogue, formerly chairman of 
CAB, George C. Neal, formerly gen. 
counsel of CAB, and Robert W. OUver 
formerly asst. dir. of economic bureau 
of CAB, have formed a partnership for 
gen. practice of law under name of 

Frank W. Peterson has joined United 

Helicopters as chief test pilot. 


Dr. Fred L. Mohler, chief of Atomic 
Physics Section and acting chief of 


Bureau of Standards, was recently 
awarded Medal of Freedom by War 
Dept, for meritorious service with AAF 
in Europe. 


Russell C. Hatton has Joined Vickers, 
Inc., as aircraft sales and application 
engineer with Cal. hq. 


DESIGNERS • MANUFACTURERS • DISTRIBUTORS 

Lever and Motor - Operated Sliding Gate Shut-Opf Valvbs ■ 
Drain Cocks • Plug Valves • 3-WaY Plug Valves • 4-Way Selbctor 
Plug Valves • Swing Check Valves ■ Hydraulic Check Valves 


Robert L. Shoemaker has Joined sales 
promotion staff of Lear, Inc. 

T. J. Dunnion has been appointed asst, 
to pres, of COL. 
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WiUn Lpirn tjlW ifou tuuw a Sssttss. 


Veteran aviation mechanics agree that the one best 
way to correctly tension a stud or bolt to an engi- 
neer’s specifications is to standardize on Snap-on 
Torqometers. And the veterans also agree that with 
a Snap-on Torqometer, you can hit the specified 
pressure every time . . . right to the correct inch 
or foot pound. There is no guesswork . . . you can 
see the applied torque as the bolt is tightened. 

Torqometer sizes range from zero to 30 in. lbs., 
up to 2,000 ft. lbs. capacity. Available through a 
nationwide, direct-to-user to,ol service. Write for 
the new complete catalog of 4,000 Snap-on tools. 

SNAP-ON TOOLS CORPORATION 


Illustrated above is one of 
Northwest Airline’s skilled me- 
chanics accurately tensioning 
thrust plate nuts with a Snap- 
on Torqometer No. TQ 150. 
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Sfcyway Express to London 
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When Every Second Counts 
Use The Wadell Valve Seat Grinder 

Every second counts in the production and precision of the critical 
valve seat dimensions that so directly affect power, fuel consumption 
and life of radial aircraft engines — that's why you should have Wadell 
Valve Seat Grinders on your production line or in your maintenance 
shop. The Wadell is based on a sound principle that insures seat angle 
accuracy to the second, true concentricity and to a very low mipro- 
inch finish — accuracy which is proved by a 100% reading on a bluing 
gauge. The Wadell is fast on production. Set-up is rapid and fool- 
proof. In a few seconds, the eccentric motion of the specially designed 
high-speed wheel finishes the seat to exact specified tolerances. 

The Wadell is built to give years of precision production — all 
working parts are hardened, ground and lapped — critical parts are 
nitrided— lubrication is automatic forced feed — the spindle is sup- 
ported by selected, sealed, precision ball bearings. These and many 
other features make Wadell Valve Seat Grinders the choice of 
America’s leading aircraft engine manufacturers and airline mainten- 
ance shops the world over. Send the coupon above for your free 
copy of the new Wadell Valve Seat Grinder catalog. 

Machines available for early delivery on our Time Payment Plan 

WADELL I I I I r — I ENGINEERING CO. 

lor 23 years PASSAIC, NEW JERSEY, U. S. A. 
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For perfect countersink-fit; positive wrenching 

(1) Flush top surface with no gap between screw head and surrounding 
metal. (2) Extreme rigidity of grip, because angle of head helps lock screw in place 
by drawing down on a conical surface. (3) Firmer hold on thin plates of metal, by 

(^'shallower countersink — less weakening of metal — when used for fastening a 
relatively thin plate. 15) Positive engagement of hex key transmits power for tight- 
est of set-ups without slipping, reaming or side play. (6) Maximum strength of 
screw itself assured by " pre,sur-fi>rmi«g " of special-analysis ALLENOY steel. Threaded 
to a high Class 3 (it. (7) Speed in assembly provided for by use of Allen hand 


CAP SCREWS 


ALLEN 

FLAT HEAD 


THt ALLEN MANUFACTURING COMPANY 

HARTFOB. 1.* ALLEN* “■"RFCT'CU', » »■ »■ 
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FOR LONGER 
BATTERY LIFE 

Long dependable service is characteristic of all Exide 
Aircraft Batteries. And with this essential quality Exide 
provides many others, including: adequate power for 
all specified applications . . . safety . . . economy . . . ease of 
maintenance . . . and maximum performance per pound 
of weight. 

Exide, pioneer in the development of aircraft bat- 
teries, has kept steady pace with aviation progress with 
engineering advancements that constantly meet the 
changing needs of this growing industry. 

More planes — commercial, military and personal 
— are equipped with Exide Aircraft Batteries 
than with any other make. 

THE ELECTRIC STORAGE BATTERY CO., Philadelphia 32 
Exide Batteries of Canada. Limited, Toronto 
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< covered. Wherever practlc- 

— Ued are shown In their 

s indlcaUrfg thetr''uso S ami 
tailed.'* This' book will enable the toyman 
teclffirai an nvi"\Von Ben ternilnolOKy. Every 
— ra defined Is listed In the Index. 
FLIGHT TESTING CONVENTIONAL 
AND JET-PROPELLED AIRPLANES, 
by Benson Hamlin. The MacMillan Co.. 


a llight test research and development 
engineer in^flve^leadlng aircraft manufac- 
smnc£rd£atfon S of methods of Ihe analy- 
sis of flight test Information. Consider- 
able new data is Included on turbojet- 
propelled aircraft. There are explana- 
tions of essential aerodynamic theories, 
basic formulas used In night testing, 
iUlon°needed a for 'evaluatl'" ‘ 

ra gjrfon 
calibrations, and i 



exhaustive 5 study 

power to ships, railway locomotives, and 


* COMING UP * 

Feb. 1 : PICAO South Pacifle Regional 
Air Navigation Meeting (Australia). 

Feb. 1-8: New York Aviation Show, 
Grand Central Palace. 

Feb. 6-7: AIA Western Regional Traf- 
llc Committee Meeting, Los Angeles. 

Feb. 1-28: Inter-American llghtplane 

cavalcade, Brownsville. Panama. 

Feb. 8-9: Women's Aviation Conven- 
tion, San Antonio, Tex. 

Feb. 18-19: Mid- West Airport and 

Fixed Base Conference, Purdue Uni- 
versity. 

Feb. 18-20: Magnesium Industry Ex- 
hibit, Wright Field, Dayton. Ohio. 

March 1-2: Southeastern States Soar- 
ing Contest, Sanford, Fla. 


Mo. 

March 28: IAS Aircraft Propulsion 

Meeting, Cleveland. 

Apr. 18-27: Michigan Aviation Week, 
sponsored by Aero Club of Mich.. 
Detroit. 

May '47: PICAO South American 

Regional Air Navigation Meeting 
(Lima). 

May '47: PICAO South Atlantic Re- 
gional Air Navigation Meeting (Rio 
de Janeiro). 

May 9-17: Air Fair, sponsored by 


Aviation Council of Metropolitan 
St. Louis. 

May 11-15: American Airport Exposi- 
tion & Exhibit, in conjunction with 
Annual Convention of American 
Assn, of Airport Executives, Sher- 
man Hotel, Chicago. 

May 26-27: Light Aircraft Meeting. 

Detroit 

Sept. '47: PICAO Southeast Asia Re- 
gional Air Navigation Meeting 
(India). 

Sept. 2: National Air Races for light- 
planes, sponsored by Goodyear, 
Cleveland. 
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F OR design engineers, production 
men, and purchasing agents, this 
new reference book brings invaluable 
data on aluminum. 


New reference book 
on Aluminum Alloys 
and Mill Products 


It contains 248 pages, 106 tables, 20 
photographs, chock-full of specific facts 
about Aluminum Alloys and Aluminum 
Mill Products. 

The information is arranged accord- 
ing to type of product . . . sheet and 
plate: extruded shapes: roll-formed 
shapes; tubing and pipe; wire, rod and 
bar; forging stock; press forgings; ingot 
metal ior sand casting, permanent mold 
casting and die casting. For each prod- 
uct, the book shows alloys and tempers, 
bend radii (lor sheet), pressure calcula- 
tions (for tubing), manufacturing meth- 
ods. annealing and heat-treating cycles, 
weights, size and tolerance ranges, chem- 
ical compositions. It also covers physical 
and mechanical properties including 
densities, coefficients of expansion, ther- 
mal and electrical conductivities, yield 
and ultimate strengths, hardnesses and 
much other information. 

This reference book on aluminum is 
the latest of several authoritative hand- 



books about aluminum recently pub- 
lished by Reynolds. You will find them 
all immensely valuable. 


TITLE 

COMPANY. 


ADDRESS. 


To get your copy, just fill out the cou- 
pon below with check or money order 
and mail to Reynolds Metals Company, 
Louisville 1, Kentucky. 


CITY .ZONE STATE_ 

( ) Please send me a copy of "Heat-Treating Aluminum Alloys." I enclose $1.00 
( ) Please send me a copy of "Machining Aluminum Alloys." I enclose $1.00 
( ) Please send me a copy of "Welding Aluminum." I enclose $1.00 
( ) Please send me a Reynolds Aluminum Alloy Selector. I enclose $1.00 
( ) Please send me a Reynolds Metals Weight Calculator. I enclose 50 cents 
PLEASE PRINT OR TYPE CAREFULLY 
• Please do not send purchase orders, cash or stamps 
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New Construction 

Here is a new, regular Aviation fea- 
ture keyed to new construction in the 
aeronautical industry, giving in con- 
cise form a collation of new projects in 
all phases of the business. 

Airports & Airbases 


FWSttMvtlfe, Ark. — AIRPORT — Clty^^on# 
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You name the job, and we’ll name the KRW 
Press best fitted to do it better, faster, and at 
lower cost. Take KRW Hand-operated presses 
for example: they give more power with less 
effort... combining faster ram travel with a quick-acting finger 
controlled valve that makes the KRW Press outstanding in 
efficient hydraulic action. Twin pumps enable operator to 
vary ram speed. The special "Capstan” type handwheel brings 
the ram to the work fast as well as providing a "built-in” 
mechanical press for the lighter jobs. 30 days 
delivery guaranteed. Write for prices and catalog. 


Here is a self-contained power unit that drives 
KRW Hydraulic Presses. These units can be 
purchased separately to drive any existing KRW 
Press. The KRW Motor Driven Hydraulic 
Presses are low-cost, production units ideally 
suited for short runs or small work. 

Presses are equipped with Seco Radial type pumps in capaci- 
ties ranging from 3,000 to 10,000 PSI. Guaranteed by both 
the manufacturer and K. R. Wilson. Write for prices. 


KRW Hydraulic Presses equipped with 
our "Specdi-Booster” operate on com- 
pressed air, providing tons of pressure 
ram by effortlessly raising or lowering the operating lever. In 
operation, compressed air enters an air cylinder, the piston of which 
drives the smaller hydraulic oil piston which, in turn, forces the oil 
o the large cylinder piston. Tonnage pressures are 
initial air pressure and size of air and oil cylinders. 




SIHSIPIS 



Sirvene begins in the mind of an engineer ... it grows 
from the need for a special pliable part to complete his 
mechanism. It is specially compounded from oil resist- 
ing elastomers in Chicago Rawhide Laboratories to 
achieve required physical characteristics, then molded 
to precise design specifications. The finished Sirvene 
part meets exactly the engineer’s demand for flexibility 
or hardness, resistance to temperature extremes, dry- 


3, wear, age, oil, water, or other solvents. Sirvene 



Sirvene Engineers are pioneer 
1929. they have acquired an un 
lecturing experience. This un, 


le field of scientific compounded elastomers. Since 
led background of research, development and manu- 
reservoir ol experience is always at your service. 
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AIRCRAFT INSTRUMENTS 
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&</ie,u/ trn U.S. GAUGE 
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PLANE TALK 


Haskelite's thorough knowledge of aircralt plywood requirements is based 
on 27 years o 1 experience in perfecting and manufacturing this material. 
The result: a new standard for aircraft plywood. The uniformity and de- 
pendability of Haskelite Aircraft is assured by careful selection and testing 
of the individual veneers, and close control and engineering of the material 
in production. For example, in 1944-1945 over 100,000 sq. ft. of material was 
used for test purposes in the Haskelite laboratory in order to guarantee this 
high quality. 

This policy has meant that Haskelite Aircraft Plywood 
panels will surpass the existent Army-Navy specifications. 

This is why aircraft plywood made by Haskelite has proved 
itself to be the Quality aircraft plywood since 1917. 



LIGHT WEIGHT + HIGH RIGIDITY = 


MANUFACTURING CORPORATION 

Dcpi. AV-1, GRAND RAPIDS 2, MICHIGAN 
NEW YORK CHICAGO CLEVELAND ST. LOUIS 
PHILADELPHIA DETROIT LOS ANGELES 
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Jack &Heintz 

Mass Precision 

takes five operations: (1) assemble magneto, (2) adjust 


bearings, (3) disassemble magneto, (4) magnetize 

rotor, (5) reassemble magneto. Operations (3) and (5) 

were production headaches. These were eliminated by Jack & Heintz engineers who developed a giant magnetizing device 
by which the rotors are magnetized through the magneto frame . . . after assembly. Result: higher 
quality and faster production of urgently-needed Eisemann magnetos. 

Achievements of Jack & Heintz mass precision such as this are creating extra values in magnetos, electric motors, bearings, 
refrigeration compressors and aircraft accessories today and in revolutionary developments for tomorrow. 

JACK & HEINTZ PRECISION INDUSTRIES, INC., Cleveland 1, Ohio 



WHY FUSS WITH 
SHAFT ALIGNMENT? 


WHEN IT’S SO EASY TO USE 
WALKER-TURNER FLEXIBLE SHAFTING 


Power transmission units or con- 
trol shafts don't have to be in align- 
ment if you design with smooth, 
sensitive, long-life Walker-Turner 
flexible shafting. It acts like a 
direct connection, goes around 
corners, dodges obstacles, iso- 
lates vibration, and serves as a 
flexible coupling all at the same 
time.The generator power take-off 
shown above is a good example. 



CONNECTS 





Because it is simpler than gearing, 
cams, universal joints, belt-drives, 
etc., it costs less, permits more 
compact designs, is easier to as- 
semble and service, and there’s 
less to go wrong. 

Send us your design problems 
now. All types of shafts, casings, 
fittings, lubrication; rigid quality 
control, deflection and life tests, 
corrosion proofing, long-life bear- 
ing liners are a few reasons why 
you're right with Walker-Turner. 



CORNERS AND 
OBSTACLES 



CONNECTS SHAFTS 
ON STATIONARY & 
MOVING ELEMENTS 


WALKER-TURNER COMPANY, INC. 
Plainfield, N. J. 


FLEXIBLE SHAFTING 


When Safety Depends 
on Electrical Contacts 



the reliable choice is 

KESTER S SOLDER 


it. And Kest 
trical contacts t 
ing, bending, a: 


m-finding equipment of ships ar 

rosion-free solder bonds are an 
Rosin-Core Solder provides dun 
it hold fast against shock, vibrati 
1 the expansion and contraction 


■ In all types of electrical soldering, the same high quali- 
;ies demanded by aircraft and marine operation are yours 
vhen you use Kester Rosin-Core Solder. It means years of 
reedom from service difficulties. The flux— scientifically 


• Equally outstanding for general use is Kester Acid-Core 
Solder. Both Kester Cored Solders are available in a wide 
range of strand and core sizes, flux and alloy combinations. 
Kester engineers will gladly cooperate with you in the selec- 
tion of a Kester Cored Solder custom-made to solve any 
special soldering problem you may have. Write fully. There 
is no obligation. 



KESTER SOLDER COMPANY 
4206 Wrightwood Avenue, Chicago 39, I1L 
Eastern Plant: Newark, N. J. 


KESTER 
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King the Co/iinsMZ 

Ground Station Radio Transmitter 






The new Collins 30K-2 embc 
features that are of outstandini 
who employ radio communication from point to 
point, ground to plane, or shore to ship. This 250 

frequencies between 2.0 me and 30.0 me. Relay 
operation of all r-f circuits, including antenna tun- 
ing, provides instantaneous frequency shift 
A speech clipper in the audio circuit raises the 
effective modulation level and emphasizes the 
speech sounds that produce intelligibility. The 
effectiveness is especially noticeable on congested 
frequency channels and under adverse atmospheric 
ech cli 


ipper i 
mparable t 


a much larger power output. 

Because the r-f carrier is fully util 
consumption of the 30K is comparat 



approximately 1250 \ 
single phase power s 
output is 300 watts oi 


lation of the 30K-2 is extremely sim 
le consuming, expensive operations 
I. Just connect it to a power source i 
le antenna. The transmitter output netw 

r complete 


O COMMUNICATIONS, 


COLLINS RADIO COMPANY, CEDAR RAPIDS, IOWA 

1 West 42nd Street, New York 18, N. Y. 458 South Spring Street, Los Angeles 13, California 













H for long life . . . 

in anli-friction bearings, proper attention to lubrication is essential. 
With Torrington Needle Bearings efficient lubrication is almost auto- 
matically assured. 

A drop or two as required... 

may be the "prescription" for your application and often no addi- 
tional lubricant is needed after the initial installation. For in Torrington 
Needle Bearings the lubricant lasts for a long period. Because the 
turned-in lips of the retaining shell provide a natural reservoir for oil 
or grease, an extra margin of safety is provided. This is another 
Needle Bearing feature that is contributing to their record of long 
service life and low in-use cost. 

THE TORRINGTON COMPANY 

TORRINGTON, CONN. SOUTH BEND 21. INDIANA 

Offices in all principal cities 


TORRINGTON BEARINGS 


• NEEDLE • SPHERICAL ROLLER • STRAIGHT ROLLER • TAPERED ROLLER • BALL 
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BRIDGEPORT FABRICS. IIMC 

7S37 

BRIDGEPORT! CD NNECTI CUT 


A N HARMONIOUS TRAVEL PATTERN 


increased travel has brought a need for 
finer upholstery fabrics to withstand in- 
creased wear; Woven into every yard of 
BRIDGEPORT FABRICS coverings are all 
three qualities you will demand in the 
upholstery you specify. First, LONG WEAR 
. . . the result of fine quality, closely woven 


wool and worsted. Second, SMART APPEAR- 
ANCE . . . new, interesting colors ond tex- 
tures. Third, FIRE RESISTANCE . . . essential 
to low up-lceep and reduced fire hazard. 
Production is now geared for quick delivery. 
For samples address . . . 
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controlled bending of thin metals for use under 
varying conditions of temperature, pressure, vibra- 
n and corrosion”— is exemplified in the basic products 
of Chicago Metal Hose Corporation. 

• Rex-Weld, Rex-Tube and Rex-Flex are branded 
metal hose. Each of these — as well as C.M.H. Stainless Steel Bellows, 
Compensators and allied products— is manufactured with the increased 
product knowledge which the Science of Flexonics makes possible. 
Chicago Metal Hose Corporation continues to devote its energies to this 
science. Just as C.M.H. has developed new basic products in the past, so it 
continues that development. These accomplishments— and this 
continued progress— have resulted in recognition of Chicago Metal 
Hose as the leader in the design and manufacture of 
flexible metal hose and allied products. For product application 
guidance, C.M.H. has data available— derived from the Scii 
Flexonics. Chicago Metal Hose Corporation w 
opportunity of putting its knowledge of this science to « 


JgJF "FLEXON” identifies 
•*'*" <■ « products, which 

'red industry Jor 


CHICAGO mETfiLHOSE Corporation 

Maywood, Illinois • Plants: Maywood and Elgin, Illinois 
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YEARS OF LIGHT-METAL KNOW HOW 



A big Plus when you consider DOORS of American Magnesium! 


Every aircraft part, of American Magnesium 
or any other material, is first an economic and 
engineering problem, then a production prob- 
lem. Better help in solving these problems is 
bound to be yours . . . with the fifty-nine years 
of / light-metal experience of Aluminum 
Company of America. 

In the kind of Imagineering you'd want, for 
example, putting magnesium doors on an 
airliner. Help in alloy choice. In forming, and 
joining, and finishing a door which, together 
with other magnesium parts, can earn worth- 
while extra payload for an airline. For mag- 
nesium is 35% lighter than aluminum, 75% 
lighter them steel. 

How much cem you save with doors, seats, 
oil tanks, engine parts, wheels, accessories, 
and structural parts of American Magnesium? 
Flight-metal know-how will help you apply it 


in those places where magnesium should be 
used. Call the nearest Alcoa office or write 
Aluminum Company of America, sales agent for 
American Magnesium Products, 1713 Gulf 
Building, Pittsburgh 19, Pennsylvania. 

AMERICAN 
MAGNESIUM 
CO R PO RATION 


SUBSIDIARY OF ALUMINUM COMPANY OF AMERICA 
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KNOWS 


what passenger 
comfort means . . . 



nnmr 




M AKING folks comfortable is the biggest part of a 
stewardess' job. And that's fly-light Nukraft's job, too! 
This famous patented figure 8 hair-latex cushioning is 
lighter than you'd dream possible — gives deep, soft com- 
fort that lasts and 1-a-s-t-s. 

Nukraft can be pre-cut to any size, shape or thickness, 
if desired — with or without foam rubber topper pads — and 
can be tacked, sewed, or tied into position. 

In seats. Nukraft gives lasting, luxurious comfort . . . 
used in headrests, arm rests, and hassocks, too, Nukraft 
helps the stewardess give passengers comfort and service 
they'll long remember. 

Investigate Nukraft today — now — and see what this 
miracle low-cost cushioning can do for you. 


tudimteduiiA A/uk XaM 


DEVELOPED AND PATENTED BY B F GOODRICH CO 


NUKRAFT MANUFACTURING CO., INC. 


710 NOBLE ST. 
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The new Martin 202 has everything in flying safety 


Designed for use on main domestic and foreign 
air lines, the new twin-engine Martin 202 is 
top-flight — combines fast, flexible low-cost opera- 
tion with the ultimate in flying safety. 

Outstanding safety features include improved 
landing devices, with dual main wheels. Low 
drag laminar airfoils for safe single-engine per- 
formance. Synthetic rubber fuel cells. And— of 


course — Kidde Carbon Dioxide Extinguishing Sys- 
tems for fast, sure smothering of engine and 
cargo compartment fires! 

Carbon dioxide from a Kidde System is deadly 
to fire-harmless to everything else . . . cannot 
corrode or otherwise damage engines . . . disap- 
pears when its work is done. And Kidde Systems 
are engineered to meet every fire-protection re- 
quirement fully and effectively. 


Kidde extinguishing systems 
are standard equipment on 
many Top-Flight planes 
including the 

MARTIN 202 


Walter Kidde & Company, Inc. 
118 Main Street, Belleville 9, N. I. 



Kidde 
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Personal planes equipped with 
Kohler Aircraft Precision Parts 


For quality and positive action 
equip /Oetiacmatf /othneo with 

KOHLER VALVES 


and other Kohler Aircraft Precision Parts 


M anufacturers of America’s finest personal planes are using 
Kohler Aircraft Precision Parts in increasing quantities. 
This growing demand is based on the reliable, positive action 
assured by Kohler workmanship and quality control. 

The Kohler line includes many types and sizes of valves, fit- 
tings, and other aircraft precision parts. You can expect prompt, 
accurate service and speedy deliveries from Kohler. Complete 
facilities for forging, machining and anodyzing are maintained in 
one plant. Kohler quality is now a 74-year-old tradition. Write 
for illustrated catalog. Let Kohler engineers help you with your 
special needs. Kohler Co., 340 High St., Kohler, Wisconsin. 
Established 1873. 



KOH LER of KOHLER 
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PLUMBING FIXTURES 


HEATING EQUIPMENT 


ELECTRIC PLANTS 
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JL ERSONAL plane salesmen have appearanc 
a powerful, convincing story on all-metal, airworthy 
aluminum construction. Low up-keep cost, 
more maintenance-free flying hours, greater re- 


aluc and high factors of safety are points help you deter 


Alcoa Aluminum Alloys have done yeoman 
•planes. Let our engineers 


airplane buyers will spark to. alloys to best advantage in your personal planes. 

Alcoa has the alloys to support those sales For this information simply write Aluminum 
points in every detail. In addition, these alloys Company of America, 2182 Gulf Building, 
offer lightness and strength, sleek and swift Pittsburgh 19, Pennsylvania. 


"All-metal construction, from prop to 
tail feathers ... Alcoa Aluminum, of coursel 


ALCOA 


ALUMINUM 
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Fafnir 

PLYA-SEAL 

Ball Bearings 

no wider than 
standard ball bearings 

. . . now available to replace metal 
shielded or jelt sealed bearings 

... IN THE K, K-A, KF, KF-A, KF-H, K-B 
SIK, D, DF, DS and DW Series 

I t's EASY as changing cotter pins to slice a big chunk off your 
maintenance cost. Cut out needless bearing inspection. 
Replace trouble-making metal and felt closure bearings with 
trouble-free-for-life Fafnir PLYA-SEAL Ball Bearings — the 
sealed ball bearing that is no wider than a shielded bearing. 

Prelubricated and sealed for life. No inspection needed; 
yet you can open a PLYA-SEAL for inspection in a matter of - 
seconds with a penknife . . . and replace the seal just as easily. 

No need any longer to guess what’s happened inside a 
bearing. You can look. You don’t have to throw away a 
bearing because you don’t dare take a chance on what you 
can’t see. You can inspect a PLYA-SEAL and reseal it in 
one minute flat. 

Proved in over five years of war and peace-time flying. 
Specified by major airlines to replace metal shielded or felt 
sealed bearings. The maintenance savings you can make with 
Fafnir PLYA-SEAL Ball Bearings are yours for the asking. 
Write today for full information. The Fafnir Bearing Co., 

New Britain, Connecticut. 

FAFNIR bsa»ings 

MOST COMPLETE LINE IN AMERICA 




150 


AVIATION, February, 1947 



ELECTROL 


FOR BETTER HYDRAULIC DEVICES 

KINGSTON, NEW YORK 


ELECTROLS 


NEW HYDRAULIC LANDING GEAR 
IDEAL FOR TRICYCLE-TYPE PLANES 


information 
upon request 


Especially designed for tricycle-type planes weighing up to 3,000 
pounds, this new landing gear is produced from standard sire tubing 
at a minimum cost for dies and tooling. The result is an extremely 
sturdy, high precision gear at low initial cost and minimum upkeep. 

This gear can be attached to the main beam of the plane 
because the vertical element of the leg is about ten inches forward of 
the center line of the wheel. 

f4e(uaHtn<}e: The cantilever suspension of the axle, supporting the 
wheel on one side only, facilitates tire changing. 

/tcb/OMtoKyc: Actual tests prove that this gear has a maximum ground- 
reaction load factor of only 2.42 G’s from a drop height of 14 inches. 
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‘Sg 5 ’ SORENSEN I COMPANY, INC. 

STAMFORD, CONN. 


WHERE 

Of 


COUNTS 


SORENSEN 

VOLTAGE REGULATORS 

Typically Sorensen is tlie new D-500 AC Volt- 
age Regulator, a superior, lightweight 400 
cycle unit, designed for use in aircraft and 
for general industrial applications. 

D-500 FEATURES 

• Frequency range 360-110 cycles 

• Regulation accuracy 0.5% 

• Load range 50-500 VA. 

• Input voltage range 95-125 V. 

• Output voltage range 110-120 V. 

• Fosteriled Transformers 

• Weighs only 12.5 lbs. 


Facilities are available for 
designing, engineering 
and producing special 
voltage regulators for 
your unusual applications. 


Young presents 

NEW LIGHT-WEIGHT OIL COOLER 
FOR PERSONAL PLANES 



With the "future” of personal airplanes so depend- 
ent upon safe, economical operation combined with 
minimum cost, the new Young rectangular tube- 
and-fin-type oil cooler is hailed by plane manufac- 
turers and owners alike as an important contribu- 
tion toward meeting such requirements. These new 
coolers are 50 percent lighter, 75 percent less costly 
than the conventional round cellular-type aircraft 
oil cooler. Models available have capacities to 
properly cool engines from 75 to 220 H.P. size. 
Construction details include: provision for thaw- 
out; internal agitation; designed cores for maxi- 
mum heat transfer at minimum weight. 

Here is another example of Young’s ability to 
apply specialized heat transfer engineering to the 
critical needs of a highly specialized industry. 
Consult the Young Engineering Staff today. 


Young 

HEAT TRANSFER PRODUCTS 



YOUNG RADIATOR CO., Dept. 297B, RACINE, WIS., U. S. A. 
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The redesign of this shower valve for a leading 
plumbing fixture manufacturer is an outstanding ex- 
ample of the adaptability of Linear “O" Ring Pack- 
ings to a wide variety of design applications. 

Not only is the new design more efficient but it is 
more compact — and packing wear and replace- 
ment are materially reduced. The Linear "O" Ring 
provides a more effective seal; requires no tools to 
install since no wrench pressure on the packing nut is 
needed to maintain the seal; eliminates the cap gasket 



because both cap and stem are sealed by the same 
“O" Ring; and permits uniform handle torque from one 
valve to the next since the "O” Ring pressure against 
the shaft is constant and non-adjustable. 

The valve and seat combination, too, have advan- 
tages characteristic of "O" Rings. They are: No re- 
taining screw is needed; and the "O" Ring cannot j. 
be damaged by over-tightening, thereby, increasing jj 
the life of the packing and assuring drip-free faucets L 
with less packing replacement. ^ 


LINEAR 
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EXTRA weight may be 
valuable on the ground 


but never in the air 
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STANDARD PRESSED STEEL CO. 

JENKINTOWN. PENNA., BOXITTl • BRANCHES: BOSTON • CHICAGO • DETROIT • INDIANAPOLIS ■ ST. LOUIS • SAN FRANCISCO 


INTERNAL WRENCHING SOCKET BOLTS 

Made to the close tolerance set by the aviation 
industry — regardless of how large or how small the 
size — these "Unbrako" Internal Wrenching Socket 
Bolts meet the high degree of precision demanded 
by plane manufacturers. 

Standard Pressed Steel's largest department where 
equipment is the finest and workers highly skilled 
and experienced in making precision aircraft engine 
parts is devoted to the needs of the aviation indus- 
try. "Unbrako" Bolts have strength and accuracy — 
their internal wrenching feature facilitates compact 
design. 


ANP - 4 3 q j a j K 1-^ 


SHOTS" 


IN THE 

AVIATION INDUSTRY 


"BIG 
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Now! important basic data on 

JET PROPULSION 


— th 



Explosion and 
Combustion 
Processes in Gases 



iSsiliSSsSss 


K'S..... .. ... ...... ... ... .. ....... . 


FITZGERALD 

GASKETS 

FOR AIRCRAFT ENGINES 

GASKET CRAFTSMEN FOR 41 YEARS 
Write tor information 

FITZGERALD MANUFACTURING COMPANY 

TORRINGTON, CONN. 

BRANCHES CHICAGO AND LOS ANGELES 
CANADIAN FITZGERALD, LTD., TORONTO 


FITZGERALD 

•ss GASKETS 
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America's Airplane Builders Depend on 

PITTSBURGH AIRCRAFT FINISHES! 








Pittsburgh 


VIATION, February, 1947 




IS AS IMPORTANT AS THE WEATHER! 



ASGROW SEEDS 


You can't do much about the weather but you con 
have firm, smooth turf — grass firmly bedded, even 
in texture — turf that makes for safe landings and 
easy take-offs. 

Tell us your soil, climate 
seed 


iill COUPLINGS FOR 
HOT INSTALLATIONS 



Available in several types for joining manifolds 

ized stainless steel material used for both the 
clamp band and the retainer insert. 


Marman engineers are 
constantly working on 
improved methods of/tojj, 
J fastening and may be - 1 * 
V consulted at any time 0 
: WRITE TODAY FOR NEW CATALOG***' 



FASTER. MORE ECONOMICAL 

MATERIALS 
HANDLING 


AVIATION MATERIALS 


IS: Cur«M-Wri£ht^Boemg. Bell, Republic 

Write tor Catalog #58. 

4& ’itmmsMm 


UOHtWtlCH^GHSOtUIE 

New Source for Engines 


Design Features: s f 
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A proven performer on wheels , 
skis or floats 



YVTHEREVER cost per ton mile counts, the Norseman V has proved 
W its worth. This versatile plane has the reliability, endurance and 
payload capacity which make it pre-eminent for commercial and 
industrial use. 

The Norseman V is a rugged utility aircraft with net payload of 
2,000 lbs.— 500 lbs. greater than the USAAF C -64, of which it is the 
commercial model. This greater payload, which is all profit, has been 
achieved through the elimination of fixed military equipment and 
redesign of components. 

It is now available for immediate delivery, subject to prior sale or 
commitment. Write for further particulars, performance data and 
illustrated catalogue. 


AND FOUNDRY COMPANY LIMITED 

AOi&utft ‘Diviaio*. 


621 CRAIG ST. W., MONTREAL, CANADA • ROYAL BANK BUILDING, TORONTO, CANADA 
PAN AMERICAN TRANSPORt/iNC., 2504 Harford Road, Baltimore 18, Maryland. 
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be dealer-wise... 

t’s dollar-wise 

Thrifty shoppers for aircraft components— be it engine 
parts, instruments, tires or hardware— know that their 
best bet is a War Assets Administration Approved 
Agent. The millions of items declared surplus by our 
armed forces are now being sold on a nationwide basis 
through these representatives. They were appointed to 
serve you and have comprehensive stocks on hand to 
fill your needs. 

If you would like to know your nearest WAA agent 
or what each agent specializes in, send for the booklet 
"Keep Flying”. Just fill in and mail the coupon— the in- 
formation is yours for the asking. 

to the National Aircraft Components Sales Center, 
6200 Riverside Drive fMunicipal Airport), Cleveland 
32, Ohio. 
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Plenty of everything! Here are pic- 
tures of just a few of the many 
responsible agents' plants show- 
ing the ample stock available. 


War Assets Administration 
Office of Aircraft Disposal 
425 Second St., N. W., Washington 25, D. C. 
I me the list of Authorized WAA agents. 


War Assets Administration — a 
United States Government Agency 
for the disposal of Surplus 
property. 
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Where To Buy 

NEW EQUIPMENT —ACCESSORIES — MATERIALS — 
SERVICES AND SUPPLIES 


Just say: 

“ Information , 

please” 

whenever you need products 

LOWEST COST CANTILEVER T-NESTED 

HANGARS 

STEEL CONSTRUCTION — DELIVERED KNOCK-DOWN 

No. IS Door 29-4 x 8-0 Depth 19-8 1 Shop No. 2A 24 Ft. wide— any length 

No. 2S 38-4 x 8-0 25-8 No. 3A 36 

No. 3S 47-4 X 10-0 31-8 I No. 4A 48 

Any Hangar Designed to Order 

CANTILEVER HANGAR SYNDICATE, 211 Fulton Street. Peoria. Illinois 
WRITE FOR QUOTATIONS 


a particular issue of this 
magazine. 

Each issue is only part of 
the complete service we are 
organized and glad to render 
to reader and advertiser, alike. 

We want you to consider this 
publication your primary 
source of information in this 
field. 

PRINTED TAPE 

— For "Parts" Marking — 

TOPFLIGHT TOOL CO. 

Your inquiries to advertisers 
icill have special value . . . 


AVIATION 

330 West 42nd St., 
New York 18, N. Y. 


What Makes A Mailing CLICK ? 


Advertising men agree — the list is more than half the story. 

McGraw-Hill Mailing Lists, used by leading manufacturers and indus- 
trial service organizations, direct your advertising and sales promotional 
efforts to keep purchasing power. They offer thorough horizontal and ver- 
tical coverage of major markets, including new personnel and plants. 
Selections may be made to fit your own special requirements. 

New names are added to every McGraw-Hill list daily. List revisions 
are made on a twenty-four hour basis. And all names are guaranteed a 
remarkably high percent accurate. 

In view of present day difficulties in maintaining your own mailing lists, 
this efficient personalized service is particularly important in securing 
the comprehensive market coverage you need and want. Ask for more 
detailed information today. You'll probably be surprised at the low over- 
all cost and the tested effectiveness of these hand-picked selections. 


McGRAW-HILL PUBLISHING CO., INC. 

Direct Mail Division 

330 WEST 42ND STREET NEW YORK, 18, N. Y. 
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In the battle against friction Bower Spher-O-Honed Bearings have 
attained the highest development known to bearing manufacture. Three 
exclusive major features account for this notable advance— spherical roll- 
end contour, liberal oil groove and micro-inch precision of Bower honed 
finish. It is now possible to permanently install Bower Tapered Roller 
Bearings without the necessity of a "wearing-in” period or any “final 
adjustment". Bower design is most effective where most important. 



BOWER ROLLER BEARING CO. DETROIT 14, MICHIGAN 
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In Products and Practices 


Have you taken advantage of 
AVIATION Reader Service 
to bring your library up to date? 


Complete copies of Manufacturer's Trade Litera- 
ture on latest devices, equipment, tools and ma- 
terials as listed on pages 12. 13, 16, 17, 1 34 and 
137 can be obtained by indicating the number 
of item wanted in coupon on page 17, or in the 
coupons herewith. 


The literature described here comprises impor- 
tant "working tools” for Production, Design Engi- 
neering, Maintenance, Administrative and Sales 
Departments. AVIATION Reader Service makes 
it easy for you to obtain this information by 
simply filling out the coupon as indicated. 

Please Note — In the event this copy of AVIA- 
TION is passed along to other members of your 
company, please leave the coupon in for their 
convenience. This assures everyone in your com- 
pany the opportunity to fill in their request. 


How To ORDER— 

Fill out completely (name, address, affiliation, 
etc.) for each piece of literature you desire. Each 
circle must contain the number of item that you 
are interested in. The completed card gives your 
request authority and allows the manufacturer, to 
whom we send your request, the necessary in- 
formation so as to address your copy correctly. 


AVIATION READER'S SERVICE FEBRUARY 1947 


item Indicated (write number In circle) 

— o 

Please send me additional information on 
Item indicated fwrlfe number In circle) 

— o 
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THE NEW 

FLIGHT PATH COUlTROL 

(an accessory for the Pioneer PB-10 Automatic Pilot) 

Provides Automatic Approach 




Because Pioneer* believes the function of a good transport auto- 
matic pilot must go beyond that of flying the aircraft as a relief to 
its human pilot, it has developed the Pioneer Flight Path Control. 
With its flight control computers, the Pioneer “PB-10” Automatic 
Pilot ties radio transmitted intelligence directly in with the flying 
controls. Used either with present radio ranges, or the new omni- 
directional ranges, the beams are interpreted directly into aircraft 
control. It completely covers normal automatic pilot functions, as 
well as automatic maintenance of glide path and localizer for auto- 
matic approach. 

This is another case in which Pioneer points the way to aviation 
progress — truly a valuable addition to the Bendix Invisible Crew. 

**EG. U.S. TAT. OFF. 


Eetipse- Pioneer 

TETERBORO, NEW JERSEY 




